Small Renal Mass 


Contents 


Foreword: Small Renal Mass XV 


Samir S. Taneja 


Preface: The Small Renal Mass and Its Management in Urologic Practice xvii 


Alexander Kutikov and Marc C. Smaldone 


Erratum xix 


Epidemiology of the Small Renal Mass and the Treatment Disconnect Phenomenon 147 


Robert M. Turner Il, Todd M. Morgan, and Bruce L. Jacobs 


The incidence of kidney cancer has steadily increased over recent decades, with 
most new cases now found when lesions are asymptomatic and small. This down- 
ward stage migration relates to the increasing use of abdominal imaging. Three 
public health epidemics—smoking, hypertension, and obesity—also play roles in 
the increase. Treatment mirrors the rise in incidence, with increasing interest in 
nephron-sparing therapies. Despite earlier detection and increasing treatment, the 
mortality rate has not decreased. This treatment disconnect phenomenon highlights 
the need to decrease unnecessary treatment of indolent tumors and address modifi- 
able risk factors to reduce incidence and mortality. 


Hereditary Kidney Cancer Syndromes and Surgical Management of the Small 
Renal Mass 155 


Kevin A. Nguyen, Jamil S. Syed, and Brian Shuch 


The management of patients with hereditary kidney cancers presents unique chal- 
lenges to clinicians. In addition to an earlier age of onset compared with patients 
with sporadic kidney cancer, those with hereditary kidney cancer syndromes often 
present with bilateral and/or multifocal renal tumors and are at risk for multiple de 
novo lesions. This population of patients may also present with extrarenal manifes- 
tations, which adds an additional layer of complexity. Physicians who manage these 
patients should be familiar with the underlying clinical characteristics of each hered- 
itary kidney cancer syndrome and the suggested surgical approaches and recom- 
mendations of genetic testing for at-risk individuals. 


Current Trends in Renal Surgery and Observation for Small Renal Masses 169 


Siri Drangsholt and William C. Huang 


There has been a rising incidence of small renal masses and concomitant downward 
stage migration. This has led to an evolution in the management of kidney cancer 
from radical nephrectomy to nephron-sparing treatment options including observa- 
tion. The adoption of partial nephrectomy continues to increase but is still incom- 
plete leading to significant disparities in the delivery of care throughout the 
country. Surgical excision remains the treatment of choice for small kidney cancers; 
however, ablative therapies and active surveillance are emerging as reasonable 


Contents 


options for select patients. With continued refinements in treatment options and im- 
provements in ability to risk stratify SRMs, the current treatment trends will likely 
continue to evolve. 


Renal Tumor Anatomic Complexity: Clinical Implications for Urologists 179 


Shreyas S. Joshi and Robert G. Uzzo 


Anatomic tumor complexity can be objectively measured and reported using nephr- 
ometry. Various scoring systems have been developed in an attempt to correlate tu- 
mor complexity with intraoperative and postoperative outcomes. Nephrometry may 
also predict tumor biology in a noninvasive, reproducible manner. Other scoring sys- 
tems can help predict surgical complexity and the likelihood of complications, inde- 
pendent of tumor characteristics. The accumulated data in this new field provide 
provocative evidence that objectifying anatomic complexity can consolidate report- 
ing mechanisms and improve metrics of comparisons. Further prospective valida- 
tion is needed to understand the full descriptive and predictive ability of the 
various nephrometry scores. 


Risk Assessment in Small Renal Masses: A Review Article 189 


Maxine Sun, Malte Vetterlein, Lauren C. Harshman, Steven L. Chang, Toni K. Choueiri, 
and Quoc-Dien Trinh 


The incidence of localized renal cell carcinoma (RCC) has been steadily increasing, 
in large part because of the increased use of imaging. Optimizing the management 
of localized RCC has become one of the leading priorities and foremost challenges 
within the urologic-oncologic community. Adequate risk stratification of patients 
following the diagnosis of localized RCC has become meaningful in deciding 
whether to treat, how to treat, and how intensively to treat. This article characterizes 
the existing risk assessment models that can be useful as treatment decision aids for 
patients with localized RCC. 


Current Role of Renal Biopsy in Urologic Practice 203 
Miki Haifler and Alexander Kutikov 


Most small renal masses (SRMs) are indolent. In fact, only approximately 80% of 
SRMs are malignant. Furthermore, SRMs are commonly detected in elderly and 
comorbid patients. Therefore, opportunities for better care intensity calibration 
exist. Renal mass biopsy (RMB), when appropriately used, is a valuable clinical 
tool to help with critical clinical decision-making in patients with SRM. This 
article summarizes the role of modern RMB in helping gauge care for patients 
with SRM. 


Active Surveillance for the Small Renal Mass: Growth Kinetics and Oncologic 
Outcomes 213 


Benjamin T. Ristau, Andres F. Correa, Robert G. Uzzo, and Marc C. Smaldone 


Active surveillance for small renal masses (SRMs) is an accepted management strat- 
egy for patients with prohibitive surgical risk. Emerging prospectively collected data 
support the concept that a period of initial active surveillance in an adherent patient 
population with well-defined criteria for delayed intervention is safe. This article sum- 
marizes the literature describing growth kinetics of SRMs managed initially with 
observation and oncologic outcomes for patients managed with active surveillance. 


Contents 


Existing clinical tools to determine and contextualize competing risks to mortality are 
explored. Finally, current prospective clinical trials with defined eligibility criteria, 
surveillance schema, and triggers for delayed intervention are highlighted. 


Ablative Therapy for Small Renal Masses 223 


Benjamin L. Taylor, S. William Stavropoulos, and Thomas J. Guzzo 


The management of small renal masses has become an important public health 
topic. The increased use of cross-sectional imaging and ultrasound has led to a 
downward stage migration for the detection of small renal masses. Cancer- 
specific survival, however, has not reflected this trend accordingly. Although partial 
nephrectomy has been the mainstay of treatment of small renal masses less than 4 
cm, there is growing interest in ablative therapies, such as cryoablation and radio- 
frequency ablation, due to decreased morbidity. Oncologic outcomes are limited 
by methodology and length of follow-up, but short-term recurrence rates are low. 


Surgical Techniques in the Management of Small Renal Masses 233 


Michael Daugherty and Gennady Bratslavsky 


This article provides a review and outline of the various surgical techniques for 
small renal masses. It covers surgical approaches and compares outcomes of 
open versus minimally invasive surgery. The article discusses renal nephrometry 
scoring and renal ischemia at time of resection. Techniques for controlling the renal 
hilum and controlling blood flow to the kidney are described. Extirpative techniques 
for small renal masses are reviewed along with a comparison of outcomes. With 
careful adherence to key oncologic and surgical principles, negative margins, no 
complications, and no or minimal decline in renal functional outcomes can be 
achieved. 


Renal Ischemia and Functional Outcomes Following Partial Nephrectomy 243 


Joseph R. Zabell, Jitao Wu, Chalairat Suk-Ouichai, and Steven C. Campbell 


Renal function after renal cancer surgery is a critical component of survivorship. 
Quantity and quality of preserved parenchyma are the most important determinants 
of functional recovery; type and duration of ischemia play secondary roles. Several 
studies evaluated surgical techniques to minimize ischemia; however, long-term 
outcomes and potential benefits over clamped partial nephrectomy (PN) have not 
been consistently demonstrated. Analysis of acute kidney injury (AKI) after PN sug- 
gest that most kidneys recover strongly even if AKI is experienced after surgery. 
Ongoing study is required to evaluate long-term implications of AKI after PN and 
further assess impact of ischemia on functional outcomes. 


Comparative Effectiveness of Surgical Treatments for Small Renal Masses 257 


Shree Agrawal, Hillary Sedlacek, and Simon P. Kim 


In the management of small renal masses (SRMs), treatment options include partial 
nephrectomy (PN), radical nephrectomy (RN), ablation, renal biopsy, and active sur- 
veillance. Large series retrospective and meta-analyses demonstrate PN may confer 
greater preservation of renal function, overall survival, and equivalent cancer control 
when compared with RN. As newer therapies emerge, we should critically evaluate 
the risks and benefits associated with the surgical management of SRMs among pa- 
tients with competing comorbidities, complex tumors, and high-risk disease. Among 


xii Contents 


younger patients with SRMs amenable to resection, optimization of postoperative 
patient health should be prioritized. 


Lymph Node Dissection for Small Renal Masses 269 
Michael L. Blute Jr, Mohit Gupta, and Paul L. Crispen 


Because the majority of small renal masses (SRMs; <4 cm) demonstrate low met- 
astatic potential and can be effectively treated with radical or partial nephrectomy, 
the role of lymph node dissection (LND) at the time of surgery is unclear. A ran- 
domized trial demonstrated no survival benefit of LND in clinically localized renal 
cell carcinoma. Thus, LND is not recommended routinely for SRMs. For patients 
with high-risk features or radiographic evidence of lymphadenopathy, however, 
LND may improve local staging and potentially provide a survival benefit. If per- 
formed, a LND template should be based on the known lymphatic drainage of 
the kidneys. 


Complications of Renal Surgery 275 


William T. Berg, Jeffrey J. Tomaszewski, Hailiu Yang, and Anthony Corcoran 


The incidence of the small renal mass continues to increase owing to the aging pop- 
ulation and the ubiquity imaging. Most of these tumors are stage | tumors. Manage- 
ment strategies include surveillance, ablation, and extirpation. There is a wide body 
of literature favoring nephron-sparing approaches. Although nephron-sparing sur- 
gery may yield decreased long-term morbidity, it is not without its drawbacks, 
including a higher rate of complications. Urologists must be attuned to the compli- 
cations of surgery and develop strategies to minimize risk. This article reviews ex- 
pected complications of surgery on renal masses and risk stratification schema. 


Neoadjuvant Targeted Molecular Therapy Before Renal Surgery 289 
Sumi Dey, Henry N. Peabody, Sabrina L. Noyes, and Brian R. Lane 


Neoadjuvant targeted molecular therapy may benefit select patients with metastatic 
renal cell carcinoma. The primary use of this therapy in patients with metastatic dis- 
ease is to reduce tumor burden, prevent distant metastasis, and increase overall sur- 
vival. Neoadjuvant therapy may reduce tumor size and tumor complexity, facilitate 
partial nephrectomy rather than radical nephrectomy, downstage tumor thrombus 
facilitating thrombectomy, and make unresectable tumors resectable when applied 
to selected patients. These potential benefits of neoadjuvant therapy require further 
clinical trials to better define the renal function and oncological and survival out- 
comes in patients receiving each active agent. 


Salvage Surgery After Renal Mass Ablation 305 


Brian W. Cross, Daniel C. Parker, and Michael S. Cookson 


Thermal ablative techniques represent treatment options for patients with small 
renal masses who are not candidates for surgery. The oncologic efficacy of ablation 
has not been compared in a randomized fashion with nephron-sparing surgery, and 
the urologist must be knowledgeable regarding the workup and treatment of pa- 
tients with suspected residual or recurrent tumor following these therapies. Surveil- 
lance of patients with tumor recurrence after ablation may be indicated in select 
circumstances. When patients are deemed appropriate for salvage therapy, most 


Contents xiii 


undergo a repeat course of the same ablative modality. Salvage surgery is possible 
but often complicated by the prior ablative techniques. 


Postoperative Surveillance for Renal Cell Carcinoma 313 


Suzanne B. Merrill 


Postoperative surveillance is an integral part of renal cell carcinoma (RCC) care. 
However, evidence supporting the practice is lacking. RCC guidelines offer dispa- 
rate recommendations leading to variation in care. Recently, the effectiveness of 
guidelines has been questioned and a debate has ignited over whether current pro- 
tocols merit optimization. Guidelines show limitations in RCC risk assessment, pro- 
tocol stratification, and definition of duration of follow-up. Alternative strategies have 
addressed some of these limitations, but further analysis is warranted. Until chal- 
lenges with assessing a survival benefit are negotiated, efforts should be made to 
optimize and standardize guidelines and learn of more tangible benefits to 
surveillance. 


Index 325 


Epidemiology of the 
Small Renal Mass and the 
Treatment Disconnect 


Phenomenon 


Robert M. Turner Il, MD®*, Todd M. Morgan, MD’, 


Bruce L. Jacobs, MD, MPH‘ 


KEYWORDS 


e Kidney cancer ¢ Epidemiology e Incidence ¢ Mortality + Treatment disconnect 


KEY POINTS 


e The incidence of kidney cancer has steadily increased over recent decades, with most new cases 


found when asymptomatic and small. 


e Smoking, hypertension, and obesity are associated with an increased risk of kidney cancer. 
e Despite earlier detection and increasing treatment, the morality rate of kidney cancer has not 


decreased. 


e The treatment disconnect phenomenon in kidney cancer highlights a need to reduce overtreatment 


of small, indolent tumors. 


INTRODUCTION 


The epidemiology of kidney cancer has evolved in 
recent decades in response to the changing clinical 
presentation of the disease. Although historically 
associated with symptoms at presentation, fewer 
than 10% of renal cancers today present with the 
classic triad of hematuria, pain, and a palpable 
mass.' Most renal masses are now screen- 
detected as small, asymptomatic, incidental find- 
ings on imaging studies performed for unrelated 
reasons. As aconsequence of the increased adop- 
tion of cross-sectional imaging, the incidence of 
renal cancer has increased and there has been a 


stage migration toward earlier stage tumors. The 
rising incidence of kidney cancer is also thought 
to be, in part, due to the rising prevalence of asso- 
ciated risk factors and 3 public health epidemics: 
smoking, hypertension, and obesity. 

Although early detection and treatment of early- 
stage kidney cancer should theoretically result in 
improved survival outcomes, there has been an 
apparent rise in mortality rates over the past 
20 years. This paradox has held true even after 
accounting for stage and size migration. Termed 
treatment disconnect, this phenomenon has 
affected contemporary management and policy 
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perspectives related to kidney cancer. This article 
reviews the changing epidemiology of kidney can- 
cer, public health epidemics associated with its ris- 
ing incidence, potential explanations for the 
treatment disconnect phenomenon, and their impli- 
cations on public policy. 


RISK FACTORS 
Smoking 


Tobacco smoke is the most common human 
carcinogen and is noted to be the predominant 
risk factor in 20% to 25% of renal cell carcinoma 
cases.’ It is estimated that there were more than 1 
billion smokers worldwide in 2015.° In a recent 
meta-analysis of 109 case-control studies and 37 
cohort studies, the risk of developing renal cell car- 
cinoma was higher for current smokers (relative risk 
[RR] 1.36, 95% CI 1.19-1.56) and former smokers 
(RR 1.16, 95% Cl 1.08-1.25) compared with non- 
smokers.° The association between smoking and 
kidney cancer seems to be slightly greater in men 
than woman, and there seems to be a dose- 
related effect, with greater risk noted in those who 
smoke more than 20 cigarettes per day compared 
with fewer than 10 per day.’ The role of second- 
hand smoke exposure is unknown.° 

Importantly, smoking cessation may mitigate 
the risk of kidney cancer.’ In a population-based 
case-control study in lowa, there was an inverse 
linear relationship between the risk of renal cell 
carcinoma and the number of years after cessation 
of smoking.® Additionally, those with a distant (30 
or more years prior) tobacco history experienced 
a 50% reduction in risk compared with current 
smokers (odds ratio [OR] 0.5, 95% Cl 0.4-0.8). 


Hypertension 


Hypertension is another well-known and poten- 
tially modifiable risk factor for the development of 
kidney cancer. A recent longitudinal study of 
156,774 women enrolled in the Women’s Health 
Initiative (WHI) observational study and clinical trial 
demonstrated an excess risk of kidney cancer with 
increasing systolic blood pressure levels, a rela- 
tionship that persisted after adjustment for age, 
smoking, race, and body mass index (BMI) 
(Table 1).° An elevated diastolic blood pressure 
(>90 mm Hg) was also independently associated 
with kidney cancer. Similar relationships have 
been observed in men as well.'°'' Furthermore, 
the duration of hypertension seems to be closely 
associated with development of kidney cancer. '2 
Although some evidence suggests that controlling 
blood pressure can help lower renal cancer risk, 
the role of hypertensive drug therapy in reducing 
this risk is unclear. 13-14 


Table 1 

Cox regression of kidney cancer incidence with 
a model combining body mass index and blood 
pressure in the Women’s Health Initiative 
Studies 


Variables Hazard Ratio (95% Cl) 


Age 1.03 (1.01-1.04) 


Body mass index (kg/m?) 
18.5-24.9 Reference 


25-29.9 1.28 (1-1.65) 

30-34.9 1.39 (1.04-1.86) 
35-39.9 1.79 (1.24-2.58) 
40 or more 2.30 (1.49-3.54) 


Smoking 
No Reference 


Yes 1.62 (1.15-2.28) 
Systolic blood pressure (mm Hg) 

120.0 or less Reference 

120.1-130.0 1.33 (1.01-1.75) 

130.1-140.0 1.24 (0.92—1.67) 

140.1-150.0 1.93 (1.42-2.63) 

150.1-160.0 1.48 (0.97-2.26) 

160.0 or more 1.54 (0.96-2.25) 
Diabetes 

No Reference 

Yes 0.97 (0.65-1.45) 


Multivariable model adjusted for age, race or ethnicity, 
BMI, smoking, systolic blood pressure, and diabetes. 

Data from Sanfilippo KM, McTigue KM, Fidler CJ, et al. 
Hypertension and obesity and the risk of kidney cancer 
in 2 large cohorts of US men and women. Hypertension 
2014;63(5):934-41. 


Hypertension is more prevalent among blacks 
than whites and is thought to play a role in the 
racial disparity of renal cancer incidence. Data 
from the National Health and Nutrition Examination 
Survey (NHANES) between 1999 and 2004 
showed age-adjusted prevalences of 39% and 
28% for black and white men, respectively; and 
41% and 27% for black and white women, respec- 
tively.'° In an updated analysis of data through 
2012, the prevalence of hypertension remained 
greater in blacks than whites (OR 1.86, 95% Cl 
1.64-2.12). 

The association between hypertension and kid- 
ney cancer also seems to be stronger in blacks 
than whites. In a population-based case-control 
study from 2002 to 2007, renal cancer risk 
increased with increasing time since the diagnosis 
of hypertension, with a greater effect in blacks.'* 
A similar pattern was observed for decreasing levels 


of blood pressure control, with worse control asso- 
ciated with increased cancer risk. When both race 
and sex were considered, black women had the 
strongest association of hypertension with renal 
cancer. 


Obesity 


Multiple studies have demonstrated an associa- 
tion between obesity and kidney cancer, which is 
particularly notable given the continued rise in 
prevalence of obesity in the United States over 
the past decade. '© In 2011 to 2014, more than 1 
in 3 adults were obese. In data from the 
WHI observational study and clinical trial,? both 
increasing BMI and waist circumference were 
associated with kidney cancer. In the adjusted an- 
alyses, the risk of kidney cancer was over 2-fold 
higher in those women with a BMI greater than 
or equal to 40 compared with those women with 
a BMI less than 25 (hazard ratio 2.30, 95% Cl 
1.15-2.28) (see Table 1). 

Obesity and hypertension, to some extent, may 
represent a shared causal mechanism in the 
development of kidney cancer.° Obesity is a risk 
factor for hypertension, and both have been asso- 
ciated with oxidative stress and lipid peroxidation, 
which are thought to have a role in oncogen- 
esis.'”'® One prospective study identified an RR 
of 2.82 (95% Cl 1.97-4.02) for kidney cancer in 
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Year of diagnosis 
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subjects who were both hypertensive and obese 
compared with those who were neither. '° 


RISING INCIDENCE 


In contrast to the stable or declining trends for most 
cancers, the incidence rates of kidney cancer have 
increased over the past 4 decades. In the United 
States from 1983 to 2002, the overall incidence of 
kidney cancer rose from 7.1 to 10.8 per 100,000 
population, an increase of 52%.* The incidence 
has continued to rise (Fig. 1A), and nearly 64,000 
men and women will be diagnosed with kidney can- 
cer in 2017.2°°? In an age-adjusted analysis, new 
cases of kidney cancer rose by an annual 1.1% 
from 2004 to 2013.° The incidence rates have 
increased for men and women of every race and 
ethnicity (except American Indian or Alaska native 
men), and have increased for every age group.”° 
Similar trends have been noted in Canada, where 
cases have nearly doubled since 1970.7* European 
registries have also noted a similar rise in incidence 
rates, though there is significant regional 
geographic variation in trends.?° 

This rise in incidence is primarily due to the rise in 
the detection of small, asymptomatic renal tumors 
following the rapid adoption of cross-sectional 
abdominal imaging. As a consequence, there has 
been a downward stage migration (Fig. 1B). In an 
analysis of Surveillance Epidemiology and End 
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Fig. 1. Overall age-adjusted incidence rates of kidney cancer (A) and stratified according to disease stage (B), sur- 
veillance, epidemiology, and end results, 1975 to 2009. (From Gandaglia G, Ravi P, Abdollah F, et al. Contemporary 
incidence and mortality rates of kidney cancer in the United States. Can Urol Assoc J 2014;8(7-8):248; with 


permission.) 
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Results (SEER) cancer registry data, the estimated 
age-adjusted incidence rate of localized stage 
tumors increased from 7.6 per 100,000 population 
in 1999 to 12.2 per 100,000 population in 2008, a 
trend not present among regional or distant stage 
cancers.*° Additionally, data from the National 
Cancer Data Base (NCBD) demonstrated that stage 
| renal cell carcinoma increased from approximately 
43% to 57% of new diagnoses between 1993 and 
2004.7° In that study, there was a concomitant 
decrease in the proportion of all other stages of 
disease during the same time interval. Further, 
among those patients with stage T1a kidney can- 
cers (less than 4 cm), tumor size at presentation 
decreased over time.?’ Although subject to bias, 
single-institution series have also demonstrated 
an increase in the proportion of patients who pre- 
sented with early-stage disease during this time 
period. 1:28:29 

Earlier detection of small renal masses due to 
abdominal imaging is unlikely to be the sole 
reason for the rising incidence of kidney 
cancer, however. Widespread implementation of 
screening tests (eg, cross-sectional imaging) 
typically produces an initial increase in the inci- 
dence of the screened disease because previ- 
ously unsuspected tumors in the preclinical 
phase are identified.°° As the available reservoir 
of patients becomes depleted, however, the inci- 
dence will correspondingly fall. Furthermore, 
given that most tumors will now be identified at 
an earlier stage, a proportionally smaller number 
of cases will be diagnosed at more advanced 
stages. For example, the incidence of prostate 
cancer sharply rose after the prostate-specific 
antigen test was introduced in the late 1980s 
but started to decline after 1992, with the sharp- 
est declines in the incidence of metastatic dis- 
ease. A similar pattern has not been seen in 
kidney cancer, in which the incidence continues 
to rise 2 decades following the adoption of 
cross-sectional imaging. Moreover, there has 
not been a concomitant reduction in the inci- 
dence of regional or distant disease. 


TREATMENT EPIDEMIOLOGY 


The rising incidence of kidney cancer has resulted in 
a similar increase in surgical intervention. For de- 
cades, the treatment paradigm for renal cell carci- 
noma favored expedient removal on detection. 
This has been based on the assumption that early 
intervention (ie, treatment of low-stage disease) 
will achieve better long-term survival outcomes. 
As expected, from 1983 to 2002, trends in renal sur- 
gery mirrored the annual incidence of kidney 
cancer.” 


The downward stage migration and small size of 
renal tumors at the time of diagnosis generated in- 
terest and experience with nephron-sparing sur- 
gery. As a result, the use of partial nephrectomy 
has increased; nevertheless, it was not until 2009 
that partial nephrectomy became the predominant 
treatment of patients with early-stage kidney can- 
cer, largely due to the technical challenges of the 
procedure.°'~** That year, guidelines released by 
the American Urologic Association emphasized 
the continued underuse of minimally invasive or 
open partial nephrectomy, trading the long-term 
benefit of sustained renal function for the short- 
term benefit of a potentially more expedient recov- 
ery with laparoscopic radical nephrectomy.°° Over 
the past 2 decades, in situ ablation of small renal 
masses has also been introduced as a therapeutic 
option.°°*’ Using either radiofrequency ablation or 
cryoablation equipment, this procedure can be 
performed either laparoscopically or percutane- 
ously. Use of ablation therapy continues to in- 
crease.°' Although this approach lacks long-term 
efficacy data, it is an attractive alternative option 
for ill or elderly patients deemed poor risk for gen- 
eral anesthesia and surgical resection. In an anal- 
ysis of SEER data, seniors ages 65 to 74 years, 75 
to 84 years, and older than 84 had a 1.5-fold, 
2.2-fold, and 2.0-fold greater probability, respec- 
tively, of undergoing ablation compared with sur- 
gical management.*' 


RISING MORTALITY AND TREATMENT 
DISCONNECT 


Over the past 3 decades, population-based SEER 
data have demonstrated an improvement in the 
5-year survival for kidney cancer. The 5-year rela- 
tive survival increased from 50.1% between 1975 
and 1977, and to 74.7% between 2006 and 
2012.° Similarly, 5-year survival rates for localized 
disease increased from 88.4% between 1992 and 
1995, to 92.5% between 2006 and 2012.7° 

However, these apparent survival gains are not 
necessarily related to true improvements in mor- 
tality or effectiveness of cancer care (Table 2).°° 
Any advance in the time of diagnosis (a recent 
phenomenon with kidney cancer) will seem to in- 
crease 5-year survival because of the spurious ef- 
fect of lead time. If early treatment is effective, 
patients will live longer and mortality rates will 
improve. If early treatment is ineffective, however, 
patients will die at the age they would have died if 
their cancer had not been detected, resulting in no 
true improvement in mortality. 

On the other hand, increases in incidence due to 
a true rise in occurrence (as opposed to arise due to 
earlier detection) result in no changes in survival 


Table 2 


Epidemiology of the Small Renal Mass 


Relationships between changes in 5-y survival, mortality, and incidence under various conditions 


Expected Change in 
Condition 5-y Survival Mortality Incidence 


More effective treatment of existing disease [ Y No change 
More cases found early and 

Early treatment is effective [ Y [ 

Early treatment is ineffective [ No change® [ 


Increase in the true occurrence of disease 
without change in tumor aggressiveness 


No change [ [ 


Expected changes assume only 1 condition occurs at a given time. 
a If the enhanced ability to find cancer leads to cancer being more frequently coded as the primary cause of death, mor- 


tality may even increase. 


Adapted from Welch HG, Schwartz LM, Woloshin S. Are increasing 5-year survival rates evidence of success against can- 


cer? JAMA 2000;283(22):2977; with permission. 


rates. To account for the complex relationship 
between incidence and mortality rates, some 
investigators have advocated for consideration of 
mortality rates normalized by the change in the inci- 
dence rate (mortality over incidence, [MOI]).°%*° 
Although this approach mitigates the effect of early 
diagnosis on survival rates, it does properly capture 
improved survival times in cases when mortality 
rates do not change.°° 

Unfortunately, in the case of kidney cancer, 
improved 5-year survival rates have not translated 
to improvements in mortality rates. Despite an in- 
crease in early detection and treatment, the mortal- 
ity rates for kidney cancer rose over the past 3 
decades. From 1983 to 2002, kidney cancer- 
specific and overall mortality rates rose from 1.2 
to 3.2 deaths per 100,000 US population and from 
1.5 to 6.5 deaths per 100,000 US population, repre- 
senting a 155% and 323% increase, respectively.” 
In an updated analysis of 2009 to 2013 data, the 
age-adjusted cancer death rate rose further to 3.9 
per 100,000 US population.® However, a recent 
study suggests that missing tumor size data may 
have led to overestimates in the adjusted morality 
rates reported in large population-based series.“ 
Imputation of tumor size seems to substantially 
diminish the adjusted mortality rates and may 
explain much of the treatment disconnect phenom- 
enon (Fig. 2). The investigators considered the 
effect of rising incidence by adjusting for the cumu- 
lative incidence rate. They also examined the MOI 
ratio as another metric for investigating the relation- 
ship between mortality and incidence. Both ana- 
lyses further supported their findings that the rise 
in kidney cancer mortality is likely smaller than pre- 
viously described, and its precise quantification is 
markedly confounded by the rising incidence of 
the disease.*" 


TREATMENT AND POLICY IMPLICATIONS 


The treatment disconnect phenomenon in kidney 
cancer suggests that many incidentally discovered 
small renal masses are of indolent nature and do not 
require treatment. In response, enthusiasm for 
active surveillance of small renal masses has 
increased, particularly in older patients with signifi- 
cant comorbidity and shorter life expectancy.** Us- 
ing an algorithm that combines renal mass biopsy 
pathologic assessment and size may also decrease 
the treatment of indolent tumors.*° With growing in- 
terest in cost savings and value-based care, chang- 
ing reimbursement structures (ie, bundled payment 
models) may continue to evolve and target the over- 
treatment of small renal masses. 

Public policies that aim to reduce the 3 modifi- 
able risks factors of kidney cancer (smoking, hy- 
pertension, and obesity) may ultimately affect 
mortality rates of the disease. Given the profound 
effects of tobacco use on malignancy and overall 
health, the Affordable Care Act mandates that all 
private insurers cover smoking cessation with pre- 
mium reductions for smokers who enroll in a 
cessation program.** Healthy People, an initiative 
launched by the Department of Health and Human 
Services in 1979, provides evidence-based 
10-year national objectives to promote public 
health.4° Part of this program, calls for more 
comprehensive state Medicare coverage of 
smoking cessation programs, which has led to 
increased quit rates. Healthy People 2020, the 
current plan, established goals for decreasing hy- 
pertension prevalence, as well as improving treat- 
ment rates and blood pressure control.*’ Let’s 
Move, a public health campaign, aims to reduce 
the prevalence of obesity by revamping the nutri- 
tional labeling of products by the US Department 
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Fig. 2. Age-adjusted (A) overall and (B) kidney cancer-specific mortality (number of deaths per 100,000) by tumor 
size shows attenuation of mortality rates when accounting for missing data (C, D). (From Smaldone MC, Egleston 
B, Hollingsworth JM, et al. Understanding treatment disconnect and mortality trends in renal cell carcinoma us- 
ing tumor registry data. Med Care 2016 [Epub ahead of print]; with permission.) 


of Agriculture, improving the nutritional standards 
of the National School Lunch Program, increasing 
children’s opportunities for physical activity, and 
improving access to high-quality foods in all US 
communities.*® There is hope that these public 
health efforts will help reduce the burden of several 
diseases, including kidney cancer. 


SUMMARY 


The incidence of kidney cancer has steadily 
increased over recent decades, with most new 
cases now found when lesions are asymptomatic 
and small. This downward stage migration has, 
in part, been related to the increasing use of 
cross-sectional abdominal imaging. The 3 public 
health epidemics of smoking, hypertension, and 


obesity also play a role in the increasing incidence 
of the disease. Treatment of kidney cancer has 
mirrored the rise in incidence, with increasing 
utilization of nephron-sparing therapies. Despite 
earlier detection and increasing treatment, kidney 
cancer mortality has not decreased. This treat- 
ment disconnect phenomenon highlights the 
need to decrease unnecessary treatment of indo- 
lent tumors and address modifiable risk factors, 
which may ultimately reduce both incidence and 
mortality. 
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KEY POINTS 
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[T Approximately 5% to 8% of all kidney cancers may have a strong hereditary component, and these 
patients may also present with extrarenal manifestations. 

["Nephron-sparing surgery for the small renal mass (and large lesions when feasible) should be the 
standard of care to preserve long-term renal function and provide excellent oncologic control. 

[The “3-cm rule” should be followed as a trigger for surgical intervention in patients with von Hippel- 
Lindau (VHL), Birt-Hogg-Dube (BHD), and hereditary papillary renal carcinoma (HPRC). 

[E Aggressive tumors arising in patients with hereditary leiomyomatosis renal cell carcinoma (HLRCC) 


or succinate dehydrogenase (SDH) should be immediately resected with a wide margin because of 


a high propensity for early dissemination. 


INTRODUCTION 


In 2015, there were an estimated 65,000 newly 
diagnosed cases of kidney cancer, which ultimately 
resulted in 14,000 deaths.’ Most of these cases 
affect elderly patients with an estimated median 
age of 64 years of age.” Although most kidney 
cancers present spontaneously, it has been 
increasingly recognized that some patients develop 
cancer at a younger age because of a hereditary 
predisposition. Approximately 5% to 8% of all kid- 
ney cancers are attributed to a strong hereditary 
component. However, this approximation is likely 
a conservative estimate, because familial studies 
have estimated that up to 58% of patients with renal 
cell carcinoma (RCC) may have a significant, hered- 
itary influence.° 


Patients with a known or suspected hereditary 
syndrome can present a challenge to the clinician 
who may be less familiar with management strate- 
gies for the small renal mass in this population. 
Although most patients with RCC present with a 
sporadic, unilateral renal tumor, patients with a he- 
reditary syndrome are often found with bilateral 
and/or multifocal tumors. Multifocality is subclassi- 
fied into ipsilateral or contralateral disease, both of 
which add complexity to management strategy. 
Bilaterality and multifocality are often synonymous, 
and studies have shown multifocality to be present 
in up to 54% of patients with bilateral RCC.‘ In addi- 
tion to the challenges of multifocality, the tumors in 
patients with hereditary syndromes may have un- 
usual clinical characteristics/behavior and the 
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presence of extrarenal manifestations (eg, gyneco- 
logic, ophthalmologic, gastrointestinal, dermato- 
logic).° The complexities are further accentuated 
when considering the higher likelihood of de novo 
tumor development after treatment.° For clinicians 
who are tasked with managing this unique popula- 
tion, it is important to recognize many of the key 
clinical features of commonly encountered syn- 
dromes and use the appropriate management 
strategy for affected and at-risk individuals. 

For many decades, several hereditary kidney 
cancer syndromes have been identified and 
associated with specific germline alterations that 
can lead to dysfunctional metabolism.’ Classical 
hereditary syndromes, such as von Hippel-Lindau 
(VHL), hereditary papillary renal carcinoma 
(HPRC), tuberous sclerosis complex (TSC), hered- 
itary leiomyomatosis RCC (HLRCC), succinate de- 
hydrogenase (SDH) kidney cancer, and Cowden 
syndrome have been described. However, newly 
discovered hereditary syndromes, including those 
associated with alterations in BAP1 (BRCA1 asso- 
ciated protein-1) or MITF (microphthalmia associ- 
ated transcription factor), have only been recently 
characterized. 


KNOWN HEREDITARY KIDNEY CANCER 
SYNDROMES 
Von Hippel-Lindau 


Hereditary forms of kidney cancer have been 
recognized for decades, such as VHL, which was 
first clinically described in 1926 in familial studies 
of retinal angiomas and cerebellar hemangioblas- 
tomas. Many years later, researchers identified 
abnormalities in chromosome 3p in VHL-affected 
patients, later localized to 3p25.1.°'' The syn- 
drome is inherited in an autosomal-dominant 
manner, and its gene product, VHL, performs a 
role as a tumor suppressor by constitutively regu- 
lating levels of hypoxia inducible factors (HIF).'? As 
an oxygen sensor, VHL functions as an E3 ubiqui- 
tin ligase for HIFs, which promote cell proliferation, 
angiogenesis, and metastasis.'°'? Patients with 
VHL have nearly 100% disease penetrance, 
including such manifestations as hemangioblasto- 
mas of the spine, brain, and retina; endolymphatic 
sac tumors of the auditory canal (Fig. 1); cystade- 
nomas of the epididymis; cysts/cystadenomas 
and neuroendocrine tumors of the pancreas; bilat- 
eral, multifocal renal cysts; clear cell kidney cancer 
(Fig. 2); and pheochromocytoma.° 

The median age of onset of RCC for patients 
with VHL is almost two decades younger than 
those with sporadic renal tumors. One unique 
aspect of renal tumors with this condition is the 
appearance of benign cysts that can harbor 


Fig. 1. Axial T1 contrast MRI showing a 9-mm endo- 
lymphatic sac tumor in the right internal auditory ca- 
nal (arrow) in a patient with VHL disease. 


cancer, rendering the Bosniak scoring system 
irrelevant for this condition. Patients with VHL dis- 
ease can have different disease manifestations 
with a subclassification based on the risk of pheo- 
chromocytomas and the particular class of muta- 
tion. Patients with type | VHL often contain large 
gene deletions but have a low risk of pheochromo- 
cytomas.'° Patients with type II VHL most likely 


Fig. 2. Image of a patient with VHL that underwent 
resection of a 3-cm, T1a, Fuhrman grade 2 clear cell 
RCC tumor demonstrating cells with cytoplasmic 
clearing arranged in nests (hematoxylin-eosin, orig- 
inal magnification T$). 
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have missense mutations with a higher risk of 
pheochromocytomas. 14 


Hereditary Papillary Renal Carcinoma 


In the 1990s, researchers identified several families 
with high penetrance of papillary RCC and discov- 
ered that these individuals did not have genetic los- 
ses on chromosome 3p.'°:'® This finding led to the 
belief that HPRC was a distinct hereditary RCC syn- 
drome and a few years later, alterations in the MET 
proto-oncogene were identified as the cause of this 
condition.” MET encodes a receptor tyrosine ki- 
nase, and its ligand is the hepatocyte growth factor. 
Alterations in MET lead to its constitutive activation, 
causing upregulation of survival and proliferation 
pathways. '® In addition to MET mutations, these tu- 
mors frequently demonstrate trisomy and polysomy 
of the mutant MET allele, which contribute to 
elevated gene expression and carcinogenesis. '° 

Patients with HPRC have nearly 100% pene- 
trance by the age of 60.'° Renal tumors with 
HPRC present with a histologic pattern of type 1 
papillary RCC identical to that seen in sporadic 
forms of kidney cancer. Tumors often have a 
low-grade, basophilic nuclei arranged within thin 
papillae. The median age of onset is generally after 
30 years of age; however, some younger cases 
have been described.'® In contrast to patients 
with VHL, patients with HPRC are not known to 
have any extrarenal manifestations. Without 
many distinguishing clinical characteristics, early 
age of onset, bilateral/multifocal papillary tumors, 
and family history of papillary RCC could be 
used for considering genetic testing. However, 
because this syndrome is extremely rare (30 known 
families), genetic testing even among patients with 
bilateral and multifocal RCC often leads to nega- 
tive results.2° 


Tuberous Sclerosis Complex 


Inherited in an autosomal-dominant manner, TSC 
has an incidence of approximately 1 in 10,000. 
Most cases results from de novo alterations in 
either TSC1 (located at 9q34) or TSC2 (located at 
16p13.3), which both encode the gene products 
hamartin and tuberin, respectively.2'*? TSC1 and 
TSC2 play integral roles in phosphoinositide 3-ki- 
nase signaling and potentiate the downstream ef- 
fects of mechanistic target of rapamycin (mTOR) 
signaling, which is implicated in cell proliferation, 
cell survival, and protein synthesis.*° Similarly to 
VHL, TSC1/2 play significant roles as tumor sup- 
pressors by negatively regulating downstream ef- 
fectors, and murine models have demonstrated 
loss of TSC2 to lead to upregulation of HIFs and 
mTORC1.74 


TSC is a highly penetrant disease with a high 
prevalence of renal manifestations (ranging from 
60% to 80% of cases), including renal angiomyoli- 
pomas or renal cysts that are often bilateral/multi- 
focal.2°°° Patients have also been shown to 
demonstrate neurologic symptoms of mental 
retardation and seizures.** Other neurologic mani- 
festations include glioneuronal hamartomas and 
subependymal giant cell astrocytomas.°°°' Lym- 
phangioleiomyomatosis, caused by proliferation 
of smooth muscle—ike cells in the lungs has also 
been observed in TSC (Fig. 3). The most noticeable 
features of patients with TSC are strong dermato- 
logic manifestations, such as facial angiofibromas, 
shagreen patches, ash-leaf spots, and periungual 
fibromas. Although RCC only develops in approxi- 
mately 5% of these patients, these tumors can pre- 
sent with a wide range of histologies.°*** 


Birt-Hogg-Dube 


First reported in 1977 in a familial study of patients 
who developed fibrofolliculomas, Birt- Hogg-Dube 
(BHD) is a rare autosomal-dominant syndrome 
with an incidence of approximately 1 in 200,000 in- 
dividuals.** Genetic analyses have identified alter- 
ations in FLCN, located at 17p11.2, as a casual link 
to BHD. FLCN mutations have been demonstrated 
to be present in more than 90% of affected fam- 
ilies.°° More than 80% of patients with BHD 
develop lung cysts in addition to cutaneous fibro- 
folliculomas as seen in Fig. 4.°°°” Approximately 
30% of patients develop renal tumors with a me- 
dian age of onset estimated to be 50 years of 
age. These tumors most commonly have a hybrid 
oncocytic appearance containing chromophobe 
and oncocytic characteristics. Fortunately, 
most tumors are low grade, and patients have a 
better prognosis compared with those with other 
hereditary kidney cancer syndromes. In some 


Fig. 3. Axial computed tomography (CT) of the chest 
demonstrating numerous lymphangioleiomyomatosis 
cysts (arrows) throughout all five lobes with no axial 
predominance in a patient with TSC. 
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Fig. 4. Cutaneous fibrofolliculomas commonly found 
on the skin of the head or neck of patients with BHD. 


cases, clear cell and papillary histology subtypes 
have been reported in patients with BHD and are 
often followed by much worse prognosis. °° 


Hereditary Leiomyomatosis Renal Cell 
Carcinoma 


HLRCC is an autosomal-dominant syndrome first 
described in the 1950s in families with cutaneous 
leiomyomas (Fig. 5).4° Germline mutations in the 
Fumarate Hydratase (FH) gene have been 
detected in more than 90% of patients presenting 
with clinical manifestations.°°*':4? FH functions in 


Fig. 5. Cutaneous leiomyomas commonly found on 
the skin of patients with HLRCC. 


the Krebs cycle and oxidizes fumarate into malate. 
Loss of heterozygosity of the wild-type FH allele 
results in the induction of aerobic glycolysis, a 
phenomenon termed the Warburg effect.*°:“4 

Patients with HLRCC most often present with a 
solitary, unilateral renal mass (Fig. 6) and carci- 
noma cells harboring a prominent orangiophilic 
nucleoli. More than 80% of patients with HLRCC 
present with cutaneous leiomyomas, which 
appear as raised flesh-colored nodules that may 
be sensitive to extreme temperatures or touch. 
More than 90% of women also develop large, 
symptomatic uterine fibroids that often lead to a 
hysterectomy in either the third or fourth decade 
of life. Approximately 15% to 30% of patients 
with HLRCC develop a highly aggressive form of 
kidney cancer that has a strong inclination to 
spread to lymph nodes and disseminate to distant 
organs at early stages.*° 


Cowden Syndrome 


The incidence of Cowden syndrome is approxi- 
mately 1 in 200,000 people, and germline alter- 
ations in the phosphatase and tensin homolog, 
which is localized to 10q22, have been identified 
as leading causes of this condition.**~*® Patients 
with Cowden syndrome often present with cuta- 
neous and mucocutaneous lesions that can be 
pathognomonic. One of the hallmarks of Cowden 
syndrome are benign hair follicle lesions called 
trichilemmomas. Neurologic symptoms are often 
associated, such as macrocephaly, cognitive 
dysfunction, ataxia, and tremors. Epithelial neo- 
plasms may also develop in the breast, thyroid, 
colon, uterus, and prostate. Some studies have 
demonstrated that patients with Cowden syn- 
drome have a 30-fold risk of developing RCC 
over a lifetime.*° Histologic diversity is also pre- 
sent, because all major RCC subtypes have been 
reported.°° 


Succinate Dehydrogenase Renal Cell 
Carcinoma 


Paraganglioma syndromes have long been recog- 
nized to have a significant hereditary component. 
Individuals with this syndrome develop paragan- 
gliomas (formerly known as extra-adrenal pheo- 
chromocytomas) of the head and neck and 
classic pheochromocytomas.°' Alterations in the 
genes associated with the SDH complex have 
been linked to the development of this syndrome. 
SDH is composed of four subunits (GSDHA, SDHB, 
SDHC, SDHD) and assembly factor SDHAF2. This 
complex is found in the inner mitochondrial mem- 
brane of eukaryotic organisms and is identified as 
Complex II in the electron transport chain. These 
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Fig. 6. (A) CT with contrast showing infiltrating 4-cm left upper pole renal mass (arrow) in a patient with HLRCC 
kidney cancer. (B) Huorodeoxyglucose PET/CT scan of the same lesion (arrow) showsit is strongly PET avid with 


standardized unit values of 37. 


alterations were later linked to early age of onset 
RCC in larger cohorts of affected individuals.°* Pa- 
tients affected with SDH have been reported to 
have an increased risk of gastrointestinal stromal 
tumors and paragangliomas.°° 

Approximately 5% to 15% of patients with SDH 
are affected with kidney cancer, of which approx- 
imately 25% can be bilateral.” The mean age of 
onset has been estimated to be approximately 
40 years of age.°*°° SDH tumors have been 
shown to encompass a wide range of possible 
RCC histology, which includes chromophobe, 
clear cell, papillary, sarcomatoid, and oncocy- 
toma.°°°” However, a defining histologic feature 
of SDH tumors are cells with a cuboidal shape, 
eosinophilic cytoplasm with cytoplasmic vacu- 
oles, and tubular architecture.” Tumors often 
contain cystic components (Fig. 7)and have a pro- 
pensity for early dissemination often to the bone.” 


Fig. 7. Axial T1 contrast-enhanced image showing a 
complex left renal cystic mass (arrow) in a patient 
with DHB. There were enhanced, thick internal septa 
that were ultimately identified to be a T3a renal 
tumor. 


SDH associated RCC has now been considered a 
subclassification by the World Health Organization 
in 2016 and is believed to account for less than 
0.2% of all RCC.759.6° 


Emergent Hereditary Kidney Cancer 
Syndromes (BRCA1 associated protein-1 and 
Microphthalmia Associated Transcription 
Factor) 


Many of the hereditary syndromes previously 
described display high disease penetrance and 
are Clinically discernable. Patients with VHL syn- 
drome, for instance, commonly present with 
identifiable retinal angiomas, cerebellar heman- 
gioblastomas, and clear cell pathology. How- 
ever, many newer syndromes, such as BAP1 or 
MITF, have a much lower disease penetrance 
and less frequent, nonrenal manifestations that 
may be difficult to diagnose clinically. 

In a familial study, BAP1 germline alterations 
were found to lead to a predisposition of dermato- 
logic manifestations, such as cutaneous mela- 
nomas or cutaneous melanocytic lesions." In 
recent molecular characterization studies of so- 
matic tumors, it was reported that somatic BAP1 
mutations are represented in 15% of all clear cell 
renal carcinomas and are associated with poor pa- 
tient outcomes and aggressive malignancy.°*°? 
Because germline alterations of BAP1 have not 
been well-characterized, it is currently unclear 
whether the clear cell tumors in these patients 
also demonstrate similar aggressive behavior. 
Further research is needed to define the mecha- 
nistic details of BAP1 disease etiology, and ge- 
netic testing may be useful in identifying BAP1 
germline alterations. 

In recent years, MITF has been proposed as an 
oncogene implicated in melanoma and RCC.*°°:4 
One particular mutation, MITF E318 K, has been 
reported to have a higher incidence in patients 
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affected with RCC, melanoma, or both cancers 
when compared with control subjects.°° Collec- 
tively, RCC associated MITF in addition to somatic 
translocation in the MITF family members, TFE3 
and TFEB, has only been recently recognized as 
a distinct entity by the World Health Organization. 
However, it is unclear whether those with germline 
alterations in MITF have similar histology to that 
of somatically altered TFE3/TFEB renal tumors. 
Further research is needed to define the patho- 
logic characteristics and clinical outcome of pa- 
tients with MITF germline alterations. Because of 
the lack of differentiating characteristics to that 
of other hereditary kidney cancer syndromes, a 
definitive diagnosis may be reached by genetic 
testing. 


GENETIC TESTING FOR HEREDITARY KIDNEY 
CANCER SYNDROMES 


Although some hereditary syndromes (VHL, 
HLRCC, SDH) may present with identifiable clinical 
characteristics, other syndromes (BAP1, MITF) 
may have more subtle features that are difficult 
to diagnose clinically (Table 1). In these circum- 
stances, genetic testing may be useful in identi- 
fying germline mutations. This information can 
then be used to plan appropriate management 
because several of these syndromes have well- 
defined strategies that may include surveillance 
or specific surgical intervention. Furthermore, the 
identification of a hereditary syndrome may be 
used to raise awareness to other family members 
who may be at risk and allow for early screening 
of the kidney or other affected organs. 

Patients who present with an early age of onset 
and a family history of kidney cancer are strong 
candidates for genetic testing. Age guidelines for 
genetic testing have been proposed with an age 
of onset of 46 as a potential threshold.* A compre- 
hensive evaluation is first provided by a licensed 
genetic counselor, and individual genes may then 
be sequenced based on clinical suspicion.°° 
From the results of the genetic tests, sequence 
variations are then classified as pathogenic or 
likely pathogenic, depending on the functional vali- 
dation of a truncation, nonsense mutation, 
missense mutation, or gross deletion.°” 

When advised by a genetic counselor, a patient 
may elect for single gene testing for hereditary 
syndromes. The introduction of next-generation 
sequencing has led to a significant reduction in 
costs of sequencing, allowing for the introduction 
of disease-specific, panel tests. A panel test is a 
genetic test comprised of a series of genes with 
strong disease segregation and demonstrated 
clinical utility. 


The identification of a patient with a germline 
alteration should lead to the notification of family 
members who may be at risk and can pursue 
testing if interested. In this scenario, at-risk individ- 
uals could be screened for early identification of a 
renal tumor that if present, could be managed to 
prevent cancer dissemination. By identifying a he- 
reditary syndrome, a clinician can take necessary 
steps to initiate appropriate referrals for multidisci- 
plinary care for patients and their family members. 


MANAGEMENT OF THE SMALL RENAL MASS 
IN HEREDITARY KIDNEY CANCER 


The clinical management of hereditary kidney tu- 
mors is often complex. In addition to bilateral and 
multifocal presentation, patients commonly present 
with an early age of onset and are at a higher risk of 
developing metachronous disease. In managing 
this particular population of patients, repeat surgi- 
cal procedures may be anticipated in the future. 
The principal goals for ensuring patient longevity 
include preventing cancer dissemination, maxi- 
mizing renal function, limiting the number of renal 
surgeries, and minimizing surgical morbidity.°° 

Although the surgical management of RCC has 
traditionally used radical nephrectomy, the stan- 
dard of practice has shifted toward an emphasis 
on nephron preservation. Historically, bilateral, 
radical nephrectomy necessitating dialysis had 
been performed for patients with synchronous, 
bilateral renal masses to prevent cancer dissemina- 
tion. This approach changed in the 1980s with evi- 
dence that patients with VHL could avoid dialysis 
with a partial nephrectomy, which later was demon- 
strated to be feasible in larger cohorts.°° Later in the 
1990s, studies showed that similar oncologic con- 
trol is achieved using partial nephrectomy when 
compared with radical nephrectomy for small spo- 
radic, renal masses (cT1a).’°-’? Increasing recogni- 
tion of the reduced risk of adverse renal outcomes, 
such as renal-replacement therapy, cardiovascular 
complications, and chronic kidney disease, has led 
to the general adoption of nephron-sparing surgery 
for the management of small renal mass whenever 
feasible. "979 

In patients with hereditary kidney tumors, the de- 
cision of when to surgically intervene can be com- 
plex. To maintain oncologic control, preserve renal 
function, and maximize the time interval between 
partial nephrectomies, the “3-cm rule” described 
by Walther and colleagues®° is used as the bench- 
mark for surgical intervention. This approach en- 
tails enucleation of all detectable solid lesions 
once the largest solid tumor of the respective kid- 
ney measures 3 cm in diameter. Enucleation, the 
resection of the mass without a margin of healthy 
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tissue, is facilitated by the renal tumor pseudocap- 
sule, which acts as a natural plane to facilitate 
dissection from the normal renal parenchyma. 
Tumors that are often resected in this fashion 
are removed without clamping the main renal ar- 
tery, limiting renal damage from ischemia. This 
approach may maximize the percentage of pre- 
served renal parenchyma and is crucial to patients 
who are at-risk of developing further ipsilateral and 
contralateral kidney tumors. Of note, long-term 
data support the 3-cm approach with enucleation 
only for patients with hereditary kidney tumors 
associated with VHL, HPRC, and BHD; however, 
this benchmark can also be considered for many 
of the newer kidney cancer syndromes.8®81 

For patients with VHL, HPRC, and BHD with solid 
renal tumors less than 3 cm in size, active surveil- 
lance is recommended. The likelihood of concomi- 
tant metastasis for small kidney tumors (<3 cm) in 
these settings has been documented to be exceed- 
ingly rare.°°°' However, this observation does not 
hold true for kidney tumors associated with SDHB 
and HLRCC. These conditions have been associ- 
ated with solid and cystic kidney tumors that are 
aggressive and have metastatic potential even 
when small.”°* As such, the diagnosis of a renal 
mass in the setting of HLRCC or SDHB should 
prompt immediate intervention without a period of 
surveillance. For patients with kidney tumors asso- 
ciated with the less well characterized hereditary 
conditions, the role of active surveillance remains 
unclear. In these settings, prompt removal of renal 
masses even when small should be recommended 
to avoid the risk of tumor dissemination.®° 


Preoperative Planning 


For patients with multifocal or hereditary kidney tu- 
mors that require surgery, careful preoperative 
planning is needed to minimize intraoperative 
complications. High-quality cross-sectional imag- 
ing of the kidney should be obtained to properly 
evaluate tumor morphology and multifocality.°° 
Furthermore, imaging of the chest, abdomen, 
and pelvis is recommended to assess for any 
distant spread of disease. For patients with 
HLRCC or SDH-deficient RCC, fluorodeoxyglu- 
cose/PET computed tomography imaging may 
be a suitable approach to evaluate for metastatic 
disease because these tumors are hypermetabol- 
ic. For patients with bilateral tumors, a MAG3 reno- 
gram can help assess split renal function and aid in 
planning surgical approach. This approach may 
also be used postoperatively following an opera- 
tion for planning a staged procedure and to deter- 
mine the appropriate timing of subsequent 
surgeries. An additional consideration to be 


taken into account during preoperative planning 
is the risk of a concomitant pheochromocytoma/ 
paraganglioma in patients with VHL or SDH dis- 
ease. If left unidentified, these extrarenal tumors 
can complicate surgery by causing intraoperative 
issues, such as hypertensive crisis. Catechol- 
amine and metanephrine testing (either of the urine 
or plasma) should be performed preoperatively in 
these patients to rule out a potential pheochromo- 
cytoma/paraganglioma.°°:°4 


Surgical Planning for Bilateral Disease 


In some patients, intervention may be indicated in 
both kidneys, which can make surgical planning 
complex. Options in these cases include (1) 
concomitant bilateral partial nephrectomy, (2) 
staged partial nephrectomy with the larger/com- 
plex side performed first, or (3) staged partial ne- 
phrectomy with the smaller/less complex side 
performed first.°° A staged procedure may be 
preferable to some surgeons given the concern 
for postoperative complications of bilateral sur- 
gery. In the case of equally complex bilateral dis- 
ease, it may be preferable to intervene on the 
side with the larger tumor first, given the increased 
risk of dissemination that is seen with more 
aggressive tumors. In the instance of varying 
complexity, it may be preferable to manage the 
less complex side first because the more chal- 
lenging side may necessitate a radical nephrec- 
tomy.°® Careful consideration should be given to 
all approaches with the most feasible option 
selected on an individual basis. 


Role of Lymph Node Dissection 


Radical nephrectomy accompanied with retroper- 
itoneal lymph node dissection for localized RCC 
has not been shown to offer a significant benefit 
in terms of disease recurrence or overall survival 
when compared with radical nephrectomy 
alone. As such, lymph node dissection is not 
indicated for most small renal masses. However, 
in patients with hereditary kidney tumors in 
HLRCC or SDH, a retroperitoneal lymphadenec- 
tomy should be performed during either a partial 
or radical nephrectomy, because these syn- 
dromes are associated with aggressive kidney tu- 
mors that tend to spread to the lymph nodes 
despite small tumor size (<3 cm).*°:5°.8” 


Intraoperative Considerations 


When performed as an open procedure, it may be 
best to approach the kidney in a retroperitoneal 
fashion to avoid entering the peritoneal cavity, 
which may limit postoperative organ adherence 
to the kidney and minimizes the significance of a 


Table 1 
Hereditary kidney cancer syndromes 


Syndrome Genetic Predisposition Nonrenal Clinical Presentation Renal Histology Surgical Recommendation 
VHL VHL (3p25), autosomal- Hemangioblastomasof the spine, Clear cell RCC Active surveillance <3 cm, surgery 
dominant brain, and retina; when solid tumors are 43 cm, 
endolymphatic sac tumors of enucleation suggested 
the auditory canal; 
cysadenomas of the 
epididymis; bilateral, 
multifocal renal cysts; and 
pheochromocytomas 
HPRC MET (7q31), autosomal- No extrarenal manifestations Papillary type | RCC Active surveillance <3 cm, surgery 
dominant when solid tumors are L3 cm, 
enucleation suggested 
TSC TSC1 (9q34), TSC2 Bilateral/multifocal renal cysts, Wide range of RCC Surgical resection of renal 
(16p 13.3), autosomal- lymphangioleiomyomatosis of histologies and renal cancers, consider biopsy of 
dominant the lungs, facial angiofibromas, angiomyolipomas renal masses to rule out fat 
cortical/subcortical tubers, poor angiomyolipoma 
seizures, mental retardation, Embolization for 
shagreen patches, ash-leaf angiomyolipomas [3 cm, 
spots, and periungual fibromas consider everolimus when local 
treatment not feasible 
BHD FLCN (17p11.2), autosomal- Cutaneous fibrofolliculomas, Hybrid oncocytic, Active surveillance <3 cm, surgery 
dominant lung cysts, and pneumothorax chromophobe, when solid tumors are [13 cm, 


oncocytoma, rare 
papillary, and clear cell 


enucleation suggested 
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HLRCC 


Cowden syndrome 


SDH-RCC 


BRCA1 associated 
protein-1 (BAP1) 
predisposed RCC 


MITF predisposed RCC 


FH (1q42-43), autosomal- 
dominant 


Uterine fibroidsin women, 
cutaneous leiomyomas, 
adrenal macronodular 
hyperplasia 


HLRCC subtype (based on 
recent guidelines), 
previously papillary type 
IL or collecting duct 


Immediate surgical resection with 
a wide margin, consider lymph 
node dissection 


PTEN (10q22), autosomal- 
dominant 


SDHA (5p 15.33), SOHB 
(1p36.13), SDHC (1423.3), 
SDHD (11q23.1), SDHAF2 
(11q12.2), autosomal- 
dominant 

BAP1 (3p21.2), autosomal- 
dominant 


MITF (3p 14.1-p 12.3), 
autosomal-dominant 


Cutaneous/mucocutaneous 
lesions, breast, endometrial, 
and thyroid cancers, 
macrocephaly, hamartomas, 
mental retardation 


Pheochromocytomay’ 
paragangliomas, 
gastrointestinal stromal tumors 


Cutaneous melanomas, 
mesothelioma 


Cutaneous melanomas 


Wide range of RCC 
histologies 


SDHB, unclassified with 
eosinophilic features 
SDHC, clear cell 


Clear cell histology (limited 
information available) 


Uncertain histology 


Surgical resection (limited data 
on surveillance) 


Immediate surgical resection with 
a wide margin, consider lymph 
node dissection 


Surgical resection (limited data 
on surveillance and concern of 
BAP1 in aggressive clear cell 
tumors) 


Surgical resection (limited data 
on surveillance and concern 
that TFE3/TFEB translocation 
tumors are aggressive) 
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potential perinephric hematoma or urine leak.°° 


Kidney access through the Gerota fascia may 
best be performed through a single longitudinal 
opening to limit the risk of devascularization and 
subsequent necrosis of the perinephric fat. An en 
bloc hilar dissection with the use of a Cosgrove 
vascular clamp aids in vascular control and mini- 
mizes the risk of future hilar scarring. An intrao- 
perative ultrasound should be used to maximize 
the identification of tumors and to help with plan- 
ning the resection of endophytic masses. Once 
the kidney is mobilized, the exophytic lesions 
may be enucleated “off clamp” first to minimize 
the total ischemic time (if needed). This is followed 
by the enucleation of the more challenging endo- 
phytic and/or hilar lesions that can be initiated 
without clamping. If needed, clamping can be 
performed using the preplaced vascular clamp if 
bleeding causes hemodynamic issues or difficulty 
with visualization. Although this approach allows 
for the removal of multiple lesions with only a short 
amount of ischemic time, it may be associated 
with increased blood loss and hence, adequate 
communication with the anesthesia team about 
fluid and transfusion needs throughout the pro- 
cedure is imperative. 


Postoperative Considerations 


An important consideration to make in managing a 
patient with a hereditary cancer syndrome is the 
risk of subsequent tumor development following 
initial surgical management. As such, the surgeon 
must minimize steps that could hinder future 
surgical approaches. A minimally invasive 
approach using either traditional laparoscopy 
or robot assistance has been shown to be safe 
and feasible.®° Performing a minimally invasive 
approach may minimize amount of scarring around 
the kidney. However, with multiple tumors present, 
this should only be performed under the care of an 
experienced surgeon. For any surgical approach, 
placing the Gerota fascia back into a normal loca- 
tion is necessary to prevent the kidney from forming 
adhesions to the surrounding muscle and adjacent 
organs. This placement may minimize damage to 
adjacent structures during reoperative surgery. 
Finally, surgical products that minimize scarring, 
such as Seprafilm (Sanofi, Cambridge, MA, USA) 
and GYNACARE INTERCEED (Ethicon, Neuchatel, 
Switzerland), may limit adhesions to allow for a 
more accessible reoperative surgery. 


Follow-up 


For patients identified with a hereditary kidney 
cancer syndrome, periodic screening is necessary 
for patients who have yet to develop a renal tumor. 


Early identification may prompt immediate surgical 
intervention if suspected of HLRCC or SDH. For in- 
dividuals with VHL, BHD, and HPRC, finding a 
small lesion may allow patients to transition from 
screening to active surveillance where there is 
closer observation and perhaps delayed interven- 
tion. For these individuals, adherence to the 3-cm 
rule as the trigger for intervention can minimize the 
number of lifetime procedures while providing 
excellent outcomes. Guidelines have yet to be rec- 
ommended for patients with newly emergent syn- 
dromes, such as BAP1 or MITF. Regardless of 
surgical management, all patients with hereditary 
kidney cancer should be closely monitored for 
local recurrence and the formation of de novo le- 
sions and the possibility of distant recurrence. 

Screening of other organ systems in addition to 
the kidney is highly recommended, because many 
of these hereditary syndromes present with extra- 
renal manifestations. The optimal surveillance 
strategy has yet to be defined for aggressive con- 
ditions, such as HLRCC and SDH. Because these 
patients often have an early age of onset and 
require frequent screening, the use of MRI is useful 
for periodic screenings to minimize the amount of 
radiation exposure. For patients who are undergo- 
ing a3-cm rule of follow-up, it may be useful for cli- 
nicians to track the growth rate of the largest 
lesion, which can aid in planning for screening in- 
tervals. With appropriate management strategies 
and closely monitored follow-up, this particular 
population of patients can have preserved 
nephron function and longevity. 


SUM MARY 


For clinicians who specialize in the management of 
RCC, patients with hereditary syndromes will likely 
be encountered. If a patient has an early age of 
onset, he or she may be a strong candidate for ge- 
netic testing. Single gene testing for the identifica- 
tion of a hereditary syndrome guides appropriate 
management strategies and may be useful for 
identifying other family members who are at risk. 
Although the management of spontaneous renal 
tumors is challenging, patients with hereditary syn- 
dromes often present with bilateral, multifocal tu- 
mors with a high likelihood of recurrence. In this 
population, proper surgical management should 
involve nephron-sparing techniques and enucle- 
ation to promote preservation of renal function. 
The use of active surveillance may be appropriate 
for patients with more indolent tumors, whereas 
more aggressive approaches may be used for con- 
ditions that have a higher likelihood of cancer 
dissemination. Ultimately, the goal of the clinician 
for managing this particular population of patients 
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is to promote long-term renal function, maximize 
the duration between repeat procedures, and 
maintain oncologic control. 
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KEY POINTS 


e Surgical management remains the mainstay for treatment of small renal masses. 
e Although partial nephrectomy is the gold standard, its uptake has been slow and disparities 


continue to exist. 


e Ablation and active surveillance are emerging options that may be preferable in certain populations 
but their use remains low and patient selection criteria remain poorly defined. 


With more than 62,700 incident cases and 14,240 
deaths in the past year, kidney cancer is the third 
most common cancer of the urinary tract.’ There 
has been a steady increase over the past 20 years 
in the detection of kidney lesions assumed to be 
renal cell carcinoma, thought to be in part caused 
by arise in image use. The incidence rates of small 
renal masses (SRMs) characterized as less than 
4 cm, in particular, has been rising and is even 
more pronounced in the elderly population.” With 
studies reporting an increase of 330% in computed 
tomography use over the last decade, renal masses 
are progressively more common and can present a 
therapeutic dilemma to physicians.* 

Historically, the rising incidence of renal cell car- 
cinoma is paralleled with an increase in the num- 
ber of nephrectomies performed. In the last 
decade, however, clinicians have begun to better 
understand the biology and natural history of 
SRMs. Several observations have been made 
leading to a shift in the management. For tumors 
that are less than 4 cm, more than 20% have 
benign pathology and less than 20% have 
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aggressive features, indicating that many tumors 
do not require treatment. Furthermore, it has 
been noted that despite aggressive management 
of renal masses, mortality rates among older pa- 
tients with renal cell carcinoma and significant 
comorbidities have remained fixed over the past 
decades.’ Consequently, less radical and/or 
morbid treatment options, such as partial ne- 
phrectomy (PN), ablative surgery, and surveil- 
lance, have emerged in recent years (Fig. 1). 
With the evolving presentation, varied pathology, 
and better understanding of competing risks in pa- 
tients diagnosed with SRMs, the optimal manage- 
ment approach continues to be refined. This article 
explores the changing trends in management of 
SRMs and the factors that have influenced these 
changes. 


TRENDS IN RADICAL NEPHRECTOMY 


Radical nephrectomy (RN) has been considered 
the standard of care for kidney tumors for more 
than 50 years. RN, as originally described, resulted 
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in removal of the kidney, adrenal gland and 
regional lymph nodes. Because of the low likeli- 
hood of extrarenal disease in patients with local- 
ized kidney tumors, RN evolved into removal of 
only the affected kidney. RN, as it is known today, 
is performed through an open incision or through 
minimally invasive surgical (MIS) approaches. 
The use of RN for SRMs carries the advantage of 
maximizing oncologic outcomes and avoidance 
of surgery-related renal complications from 
nephron sparing surgery (NSS), such as urinary fis- 
tula and bleeding. The most significant drawback, 
however, is the detrimental impact on kidney func- 
tion and the risk of chronic kidney disease (CKD) 
following treatment. 

There has been a dramatic decline in RN over the 
past decade because of the increased use of PN 
and other nephron-sparing options (see Fig. 1).'° 
The decrease is most pronounced in the use of 
open RN (ORN). With the introduction of laparo- 
scopic RN (LRN) in the 1990s, it became recognized 
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Fig. 1. Treatment trends in small kid- 
ney cancers. NSM, non-surgical man- 
agement; RN, radical nephrectomy. 
(Data from Huang WC, Atoria CL, 
Bjurlin M, et al. Management of 
small kidney cancers in the new 
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that equivalent oncologic outcomes with improved 
postoperative parameters could be obtained 
through a minimally invasive approach, such as 
LRN or robotic RN.!1716 


Factors Influencing the Adoption of 
Laparoscopic Radical Nephrectomy 


Smaldone and colleagues!” demonstrated adop- 
tion of MIS techniques significantly increased 
from 1995 to 2007 in the Surveillance, Epidemi- 
ology, and End Results (SEER) Medicare popula- 
tion for T1a masses resulting in a significant 
decrease in ORN (from nearly 90% of all kidney 
surgeries to ~30%) (Fig. 2). Similar trends are 
seen in the National Inpatient Sample (NIS) data- 
base from 2002 to 2008, where the usage of LRN 
doubled from 7.4% to 13.6%.18 

Although the increase in the use of MIS seems to 
be evenly distributed across the United States, the 
adoption of LRN has not been uniform. Several 


Fig. 2. Trends in utilization from 
1995 to 2007 of open radical nephrec- 
tomy, laparoscopic radical nephrec- 
tomy, open partial nephrectomy, 
and laparoscopic partial nephrec- 
tomy for tumors <4 cm. (Data from 
Smaldone MC, Kutikov A, Egleston 
BL, et al. Assessing performance 
trends in laparoscopic nephrectomy 
and nephron sparing surgery for 
localized renal tumors. Urology 
2012;80(2):286-92.) 
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disparities have been noted in the adoption of 
laparoscopic and robotic approaches. 


Patient demographics and hospital-related 
factors 
An analysis of SEER Medicare data from 1995 to 
2005 noted that white persons were statistically 
more likely to receive LRN than Hispanics (20% 
vs 12%). Investigators also noted that those of 
higher socioeconomic status were more likely to 
receive LRN.'° Other patient factors including 
younger age, female gender, lower complexity le- 
sions, and mortality risk were associated with 
increased MIS use.?° 

The application of laparoscopy also seems to 
differ in several hospital factors. The overall trend 
toward laparoscopy occurs in urban compared 
with rural hospitals and in teaching compared with 
nonteaching hospital.'®:2° Patel and colleagues?’ 
also identified higher surgeon volume as a factor. 


Robotic Radical Nephrectomy 


The use of robotic assistance for RN (RARN) 
was first described by Klingler and colleagues?! 
in 2005. Potential advantages of the robotic 
approach include the fourth robotic arm facilitating 
dissection of the hilar vessels and the use of the ar- 
ticulated Hemolock applicator.” 

Initially a large case series reported a trend to- 
ward improved perioperative outcomes compared 
with ORN with similar oncologic outcomes.”? 
However, when compared with LRN, a larger 
cohort from a single institution found similar peri- 
operative parameters and marginally higher 
hospital charges, which has been confirmed in 
subsequent reports.**~°° There is a paucity of liter- 
ature on the utilization rates of RARN, but a single 
institution reported increased use of RARN over 
time, especially for larger tumors.*° The usage of 
RARN is feasible but few benefits exist to using ro- 
botic assistance when compared with LRN, and is 
usually reserved for T1b and larger tumors.?” 

In 2016, RN has largely fallen out of favor for the 
management of SRMs. However, it remains indi- 
cated when nephron-sparing approaches are not 
feasible or technically too challenging for the 
surgeon. 


TRENDS IN THE ADOPTION OF PARTIAL 
NEPHRECTOMY 


Perhaps the greatest paradigm shift in treatment 
over the past decade has been the widespread 
adoption of elective PN for the treatment of SRMs 
(see Fig. 1). Historically, PN was reserved for pa- 
tients with contraindications to RN, such as cases 
of bilateral tumors, solitary kidneys, and pre- 
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existing renal disease. However, beginning in the 
early 2000s, multiple retrospective reports demon- 
strated oncologic equivalency between PN and 
RN.2°°° The oncologic equivalency of PN versus 
RN was confirmed in a prospective randomized trial 
by Van Poppel and colleagues?’ in 2011. In addition 
to similar oncologic outcomes, it became known 
over time that PN resulted in the preservation of kid- 
ney function and a reduction in the risk of devel- 
oping CKD.°*-°* CKD has been shown to not only 
increase the risk of kidney failure, but also to reduce 
quality of life, and increase the risk of cardiovascular 
disease and overall mortality.°°-°” 

A survival benefit from PN for SRMs has been 
demonstrated in multiple retrospective studies, 
with a 19% risk reduction in all-cause mortality,°° 
but this finding was not noted in the only random- 
ized trial comparing survival in patients undergoing 
RN versus PN.°! Although this topic is beyond the 
scope of this article, the greatest potential for sur- 
vival benefit from PN is in patients with pre- 
existing CKD or at risk for CKD 3b or greater 
following RN.°°8*! 

One drawback of elective PN for SRMs is that it 
exposes patients to treatment-related complica- 
tions. PN has higher rates of urologic complications 
including renal abscess, subsequent intervention, 
ureteral injury, and urine leak compared with those 
undergoing RN.*? Despite higher complication 
rates, the renal functional benefits and equivalent 
oncologic outcomes led the American Urological 
Association (AUA) to release guidelines designating 
PN as a treatment standard for cT1a kidney tumors. 

Examination of nationwide trends has demon- 
strated a generally slow rate of adoption of PN 
over the last 15 years, particularly outside of ter- 
tiary care centers. Using data from hospital dis- 
charges from the NIS between 2003 and 2008, 
Kim and colleagues“? reported that ORN was the 
most commonly used approach, and the RN pro- 
portion only decreased from 83.3% to 74.9%. 
More recently, the tides seem to be changing 
because data from SEER-Medicare showed that 
PN succeeded RN by 2009 for T1a tumors.** The 
rate of PN has been consistently increasing since 
the introduction of the AUA guidelines.*° These 
gradual increases in PN use, however, do not 
seem to be reflected uniformly across different pa- 
tient populations, surgeons, and hospitals. 


Factors Influencing the Adoption of Partial 
Nephrectomy 


Hospital and surgeon characteristics 

The adoption of PN remains greater in high- 
volume, urban, and/or academic centers.4° 7:4 
At academic centers, PN rate approaches 90% 
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of cTla tumors surgically treated since 
2009.1479 Multiple studies have found an asso- 
ciation with the presence of a residency training 
program for use of PN over RN.*°°° Similar results 
have been seen in the European experience, with 
significant associations between surgical volume 
and high-volume centers for cT1 tumors.°! 

Difference in surgeon characteristics is likely to 
play a role in the determination of treatment. In a 
review of case logs from the American Board of 
Urology, Poon and colleagues®? found that higher 
volume surgeons perform a greater number and 
higher proportion of PNs. They also found 
that uro-oncologist specialty, practice area size 
greater than 1,000,000, and date of initial certifica- 
tion were independently associated with higher 
usage of PN. 


Tumor characteristics 

A discrepancy in the PN rate is well described for 
tumors of varying size and complexity. One of the 
earliest groups selected for PN were those with 
small tumors. Based on SEER data from 1999 to 
2006, it was reported that for every 1-cm increase 
in tumor size, there was an associated 47% change 
lower odds of undergoing PN.'° Several nephrom- 
etry scoring systems (the RENAL nephrometry 
score, Preoperative Aspects and Dimensions 
Used for an Anatomic classification system, and 
the C-index) have been devised to grade the 
complexity of a tumor by multiple characteristics 
to aid in comparing nephron-sparing treatment 
strategies. More complex lesions have higher 
nephrometry scores and are associated with higher 
complications, likely indicating increased difficulty 
with PN.°°:°4 Several single-institution series have 
found low complexity nephrometry score in- 
creases likelihood of PN, implying that surgeon 
comfort level with tumor complexity likely dictates 
their surgical approach.°°-°” 


Patient age 

Patient age has long been an important factor in 
the decision for PN. Surgeons must consider the 
particular risk profile of an older population, with 
their expected operative time and complication 
rate. Multiple research studies have indicated 
older patients are less likely to receive PN than 
RN compared with younger patients, even in multi- 
variate analyses. '°:1°45,46.5%.5° An analysis of NIS 
data from 2003 to 2008 confirmed that patients 
aged 70 and older were, in multivariate analysis, 
still approximately half as likely to undergo PN 
compared with younger patients.*° This age- 
based preference is thought to be the result of 
physician understanding that RN has fewer com- 
plications than PN. 


Patient gender 

PN use has differed between patients of opposite 
gender and is of increasing concern. Early NIS and 
SEER data showed that men were more likely to 
undergo PN than women.'*:°° More recent SEER 
data from 1998 to 2007 confirmed this discrep- 
ancy with white women having a 24% increased 
risk of RN compared with white men, with an 
even higher risk of 47% for African American 
women.” This finding may be explained by patient 
preference (concerns over recurrence), incom- 
plete dissemination of more contemporary surgi- 
cal approaches in underprivileged care settings, 
or decreased access to surgical care, although 
this has not been demonstrated in PN. Nonethe- 
less, further research is essential in understanding 
the reasons for this disparity. 


Patient comorbidities 

Increased comorbidities have been shown to 
reduce the likelihood of undergoing PN. NIS 
data from 2003 to 2008 showed that those with 
an Elixhauser index of 2 or greater were less 
likely to undergo PN compared with those with 
a score of 0 to 1.4° More recent data from the 
NIS and the American Hospital Association data- 
base echoed these results, because patients 
with greater Elixhauser comorbidity index were 
associated with lower odds ratios of PN even af- 
ter adjustment.*® This is likely caused by con- 
cerns for preserving renal function and the 
associated lower risk of cardiovascular events 
with PN compared with RN.°° Although the 
avoidance of a more morbid procedure is not 
surprising in sicker patients, it remains to be 
seen if this population will benefit more from a 
nephron-sparing approach or whether they are 
better suited for ablative treatment or active sur- 
veillance (AS). 


Other patient demographic factors 

There have been numerous other disparities in the 
usage of PN identified from various studies on pa- 
tient demographics. Studies have found those 
with private health insurance, higher income, 
and those who are married are more likely to un- 
dergo PN. Race historically has been shown to be 
an independent predictor of PN usage.*°:*° NIS 
data from 1988 to 2001 demonstrated that African 
Americans and Hispanics were more likely to un- 
dergo PN than the reference white population.°° 
This held true even in more recent NIS data 
from 2007 to 2010, because black race was still 
associated with receipt of PN, although this con- 
flicts with recent SEER data for African American 
women,° 


The effect of laparoscopy on the adoption of 
partial nephrectomy 

One theory on the slow generalized use of PN for 
SRMs is the concurrent rise in laparoscopy for RN 
(see Fig. 2). Multiple studies have shown a simulta- 
neous increase in rates of LRN and open partial ne- 
phrectomy (OPN) over the previous decade.°°:°' 
One large study from a Canadian registry found 
that PN use increased 18% per year until 2003 
and then subsequently decreased 12% per year. 
The investigators suggested that the introduction 
of laparoscopy coincided with a decrease in PN 
use.°* There are several possible explanations for 
why RN, particularity MIS techniques, is favored 
by some urologists. PN, specifically laparoscopic 
PN, is technically challenging and has higher 
short-term complications.*:°* Another thought is 
that many urologists were faced with the choice of 
practicing a minimally invasive approach or a 
nephron-sparing approach, because one study 
found that variance in PN usage seemed to be 
based more on surgeon factors than was attribut- 
able to patient characteristics.°° Because LRN is 
significantly easier than PN, many SRMs were likely 
managed with LRN as opposed to OPN or LPN. 


Robotic Partial Nephrectomy 


In contrast with LRN, the development of robotic- 
assisted techniques may help bridge this gap by 
enabling more urologists to perform LPN. The da 
Vinci Surgical System (Intuitive Surgical, Sunnyvale, 
CA) has many of the same advantages of open 
surgery without the limitations of straight laparos- 
copy. Advantages of robotic assistance include 
the three-dimensional stereoscopic view with 10 
times magnification, tremor attenuation, and articu- 
lating arms with 7° of freedom. The robotic platform 
is gaining popularity over LPN by facilitating intra- 
corporeal suturing, improving perioperative out- 
comes, and a shorter learning curve.°° 

Robotic PN use is on the rise and is associated 
with an increased use of PN. From 2008 to 2010, 
the relative annual increase in robotic PN was 
45.4% for all PN, and surpassed LPN as the mini- 
mally invasive procedure of choice.” In a review 
by Kardos and colleagues,*©° of the NIS and the 
American Hospital Association Annual Survey 
Database, robotic-assisted surgery availability at 
a hospital was associated with a higher adjusted 
odds of PN compared with centers without robotic 
platform (odds ratio, 1.28; P<.001). This study also 
found that hospital adopters of robotic surgery had 
the largest disparity in PN use versus RN. As ro- 
botic surgery use continues to grow, more 
research must be done to determine if this im- 
proves guideline concordant treatment of localized 
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renal tumors and to identify hospital and surgeon 
factors associated with the greater use of PN. 


TRENDS IN ABLATION 


Ablative techniques have emerged in the last 
decade as a management option for select pa- 
tients with the goals of sparing nephrons and 
reducing treatment-related side effects. Ablative 
techniques deliver a lethal amount of energy to 
cancer cells in a treatment zone, while minimizing 
the destruction of surrounding tissue. This is 
achieved in an open, laparoscopic, or more 
commonly percutaneous route. The most studied 
techniques include cryoablation and radiofre- 
quency ablation. Cryoablation is a technique intro- 
duced in the 1980s that uses extreme cold 
temperatures for destruction of tissue. This is 
accomplished with a cryoprobe that creates an 
ice ball with surrounding tissue effects that is 
monitored with probes and real-time ultrasound. 
The other main treatment option is radiofrequency 
ablation, a technique that uses energy created by 
a high-frequency alternative electrical current to 
heat tissue and cause cellular death. 

Thermal ablation (TA), specifically percuta- 
neous, has arisen as a reasonable treatment op- 
tions for patients who are unable to tolerate the 
risks of surgery. Percutaneous ablation avoids 
the use of general anesthesia, minimizes blood 
loss and postoperative pain, and has a shorter re- 
covery period.°°°” On meta-analysis, the major 
complication rate for ablation was 3%, signifi- 
cantly lower than the rate of 7% for surgical treat- 
ment.°*°° It can usually be performed as an 
outpatient, which significantly lowers direct proce- 
dural costs compared with surgery.’° 

Ablation offers renal function benefits in the long 
term over the other treatment options including PN, 
because it does not require renal ischemia.’':’* The 
tradeoff for improved postoperative parameters 
and renal function preservation, however, comes 
with the caveat of inferior oncologic outcomes 
compared with PN or RN. The AUA meta-analysis 
demonstrated rates of local recurrence of 91% 
and 87% for cryoablation and radiofrequency abla- 
tion, respectively. However, more recent data 
demonstrated improved rates up to 98% for both 
ablative techniques compared with 98% for PN 
for appropriately selected patients. '° 7° 


Factors Influencing the Adoption of Ablation 


Use of this form of nephron-sparing surgery has 
risen over time, but the uptake has been lagging 
compared with other treatment options (see 
Fig. 1).’* In an analysis of 20,604 patients 
with Tla lesions in the SEER cancer registry 
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(2004-2011), the use of TA rose from 5.2% (2004- 
2007) to 9.1% (2008 and 2011). When examining 
trends in the use of ablation, on multivariable anal- 
ysis, it was determined that being of white decent, 
higher income, living in metropolitan areas with 
higher median family income, and better insurance 
status were independent determinants of receipt 
of TA. Furthermore, as seen with PN, diagnosis 
in more recent years was also a significant 
predictor of TA over PN or RN, suggesting 
increased adoption with time.” A large single- 
center review of their 11-year experience with 
ablation compared with PN found that patients 
with higher Charlson scores and older age were 
more likely to receive ablative treatment.’° 

Smaller tumor size and tumor location have 
been associated with ablative therapies on several 
studies.’*’° The likelihood of failure increases 
when tumor size exceeds 3 cm. Tumors with lower 
nephrometry score (located further away from the 
renal hilum or collecting system) are more likely to 
have successful treatment because of the avoid- 
ance of injuring nearby critical structures. ”®77 

At this time ablative therapies are an established 
technique recommended by the AUA and Euro- 
pean Association of Urology (EAU) guidelines for 
consideration in carefully chosen patients. '° Focal 
treatment should be indicated only for tumors 
amenable to complete ablation. The historical 
view that ablation should be limited to only to 
infirm patients should be avoided because those 
patients are likely better served with AS. Regard- 
less, the use of TA therapies remains limited and 
varies widely because of a lack of specific guide- 
lines for appropriate candidate selection and treat- 
ing physician preferences. 


TRENDS IN THE USE OF ACTIVE 
SURVEILLANCE 


Similar to other malignancies, such as low-risk 
prostate cancer, AS has emerged not only as a 
reasonable treatment option but in some circum- 
stances the preferred option for the management 
of SRMs. The rationale for the surveillance of 
SRMs is based on the fact that many of these tu- 
mors are indolent and are frequently diagnosed 
incidentally in an older cohort of patients with 
competing health risks. 

Although the natural history of SMRs may be 
variable, it is well documented that more than 
20% of cT1a tumors are benign, and more than 
50% are low grade, resulting in a very low onco- 
logic risk to the patient.° This risk of cancer- 
related death is further reduced in elderly or infirm 
patients, who are particularly sensitive to treat- 
ment complications and have high competing 


cause mortality. In a study by Hollingsworth and 
colleagues,’ more than one-third of patients with 
SRMs were more likely to die from unrelated co- 
morbid disease within 5 years of curative surgery 
from their kidney cancer. Furthermore, complica- 
tions are nearly twice as likely in elderly and infirm 
patients (Charlson comorbidity index >2) regard- 
less of surgical treatment type. ”® 

The use of AS has remained low but seems to 
have increased in the end of the past decade. In 
the National Cancer Database (2005-2007) only 
3.5% of masses less than 2 cm were managed 
expectantly. Since 2000, SEER Medicare data 
showed that 9% to 10% of all patients with patho- 
logically confirmed cT1a cancers were managed 
nonsurgically, with rates of nonoperative manage- 
ment increasing from 7.5% to 18.6% from 2000 to 
2010 for all age groups (see Fig. 1).°** This trend 
was most pronounced in the elderly, with those 
greater than or equal to 85 years having a 
10.9-fold greater probability of nonoperative man- 
agement (Fig. 3).° Factors associated with 
increased likelihood of AS included smaller tu- 
mors, greater comorbidities, more advanced age, 
male gender, and being unmarried.4879-80 

Although there are no prospective randomized 
trials comparing surveillance with surgical treat- 
ment, but there is an increasing body of literature 
supporting the use of AS in properly selected pa- 
tients. The average linear growth rate is 0.28 to 
0.36 cm/year in multiple studies and the progres- 
sion to metastatic disease is rare at 1% to 
2%.8182 In a recently published large multicenter 
nonrandomized trial, cancer-specific survival was 
99% and 100% in the primary intervention and 
AS group at 5 years, respectively.’”° This finding 
was corroborated in a larger cohort of patients 
from a population-based registry, where the 
cancer specific survival (CSS) was 97% and 
93% for primary intervention and nonsurgical 
management.“* 

Although conservative management of renal 
masses is growing in popularity and seems to be 
noninferior regarding short- to intermediate-term 
oncologic outcomes in certain patients, there are 
several challenges that exist preventing the wide- 
spread adoption of surveillance for the manage- 
ment of SRMs. AS relies on serial radiographic 
imaging to determine growth kinetics and presum- 
ably the oncologic risk of the cancer. However, 
there are no universally accepted protocols 
for repeat serial imaging, and even the most 
contemporary imaging modalities cannot reliably 
distinguish indolent versus aggressive SRMs. 
Currently, the AUA recommends a discussion of 
AS for all patients with SRMs, and as a primary 
consideration for patients with a decreased life 
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Fig. 3. Early stage kidney cancer incidence and management rates stratified by age: 65 to 74 years, 75 to 84 years, 
and 85 years and older. AAPC, annual average percent change; Cl, confidence interval. (Adapted from Tan H, Fil- 
son CP, Litwin MS. Contemporary, age-based trends in the incidence and management of patients with early- 
stage kidney cancer. Urol Oncol 2015;33:24; with permission.) 


expectancy or multiple comorbidities that would 
make them poor candidates for intervention. In 
its current form, it should be emphasized that it 
is critical to assess the risk of AS versus ablative 
or surgical intervention. Because there is no defini- 
tion of high-risk patients from the guidelines, 
several groups have developed nomograms to 
assess the risks of AS with calculations of mortality 
risk.2%:°4 Although built on retrospective data, 
these models may help in the decision-making 
process for those at highest risk of mortality 
caused by competing comorbidities. 


SUMMARY 


The incidence of renal tumors has significantly 
increased in the past decades, with the greatest in- 
crease seen in incidental SRMs, resulting in a 
downward size and stage migration. Although sur- 
gery remains the dominant strategy, a shift toward 
nephron-sparing approaches, minimally invasive 
techniques, and AS is now considered preferable 
to the previous standard of ORN, given the prepon- 
derance of data for improved perioperative out- 
comes and risk of CKD. Despite adoption of such 
advances at large tertiary centers, population- 
based studies continue to indicate that disparities 
exist across the country and in patient populations. 
Ideal management of renal tumors must be 
balanced against patient comorbidities, age, pre- 
existing renal function, and tumor characteristics. 
Ablative treatments with its improved side effect 
profile will likely increase with longer oncologic 
data, and updated guidelines refining selection of 
optimal candidates. AS may become the ideal 
approach for select patients with substantial 
competing comorbidities given the relative indolent 


nature of many SMRs; however, risk stratification 
based solely on imaging remains opaque and calls 
for further advances, such as molecular profiling on 
tissue biopsy. It is unlikely that the current trends 
reflect the optimal management strategy for 
SRMs. However, with continued progress in treat- 
ment options and refinements in patient selection, 
the treatment trends for SRMs will likely continue 
to evolve in the future. 
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KEY POINTS 


e Nephrometry can be used to objectify the complexity of a renal mass and is an important way to 


communicate risk. 


e Renal tumor complexity has been shown to predict important intraoperative metrics such as oper- 


ative and ischemic times. 


e Complexity scores have also been associated with perioperative complications such blood loss, 
urine leak, length of stay, and recurrence. As such, they may allow standardized reporting of out- 
comes associated with nephron-sparing surgery, adjusted for factors beyond pathology. 


INTRODUCTION 


Every patient with a renal mass poses a unique set 
of circumstances that must be considered before 
treatment. Clinically, these may include various 
demographics, such as age and weight, and 
competing comorbidities such as preexisting renal 
dysfunction. However, beyond these factors are 
additional tumor characteristics that must be 
considered carefully before embarking on exenter- 
ative and/or organ-sparing surgery. These addi- 
tional characteristics can help define the 
complexity of a renal mass. 

The lexicon used to describe localized renal 
masses has evolved over the past decade to 
encompass a more quantitative and reproducible 
nomenclature. In 2009, the first system to measure 
a tumor’s anatomic complexity was presented and 
subsequently published. This system, known as 
the RENAL (radius, exophytic/endophytic, near- 
ness to the collecting system or renal sinus, ante- 
rior/posterior, location relative to polar lines) 


Disclosure: The authors have nothing to disclose. 


nephrometry score, was developed as a means 
to objectify differences in renal mass complexity, 
improve risk stratification, standardize reporting, 
and allow meaningful comparisons between pub- 
lished reports. Subsequent variations on grading 
systems were later developed to measure tumor 
complexity, including the PADUA (Preoperative 
Aspects and Dimensions Used for Anatomic 
Classification), centrality index (C-index), Arterial- 
based Complexity (ABC), diameter-axial-polar 
(DAP), and contact surface area scores. 
Investigators have evaluated these and other 
nephrometry scoring systems within the context 
of various patient cohorts, and have cumulatively 
shown how nephrometry fills a descriptive gap in 
the literature for renal masses. Nephrometry has 
subsequently improved the fidelity of reporting 
and comparability of studies evaluating the treat- 
ment of renal lesions. Terms such as central, hilar, 
endo/exophytic, and hard/easy predominated in 
descriptions of renal masses in earlier literature. 
However, the growing use of nephrometry has 
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made the challenging task of conveying concepts 
of surgical complexity more objective, and has 
allowed investigators to consolidate reporting 
structures to improve comparative and correlative 
power. 

Systematic objective anatomic reporting systems 
have been used to describe surgical complexity in 
other organ systems as well. For example, in the 
liver, segmental anatomy is used to accurately 
describe anatomic landmarks and convey surgical 
risk. A liver surgeon who speaks of a lesion in 
segment 1 easily communicates increased com- 
plexity to another surgeon compared with a lesion 


topography, lends itself to descriptive anatomic 
subclassifications that can be exploited to facilitate 
communication and comparisons. 

Studies evaluating nephrometry scoring sys- 
tems have discovered that these systems can be 
both descriptive and predictive (Table 1). The 
most prominent examples include the description 
of clinically relevant treatment-specific parameters 
such as operative approach,°’ operative time, '° 
and warm ischemia.®"'* In the postintervention 
domain, nephrometry plays both a descriptive 
and a predictive role as well. An unanticipated 
role of nephrometry systems has been their 


in segment 7. The kidney, with its rich anatomic potential ability to predict oncological and 


Table 1 
Evidence and recommendation grade for descriptive and predictive uses of anatomic tumor complexity 
(nephrometry) systems 


Level of 
Evidence Grade References 


Descriptive Role 


Treatment Specific: 
Treatment type 3 C Canter et al,? 2011; Broughton et al,* 2012; Esen et al,* 
or approach 2013; Rosevear et al,” 2012; Stroup et al,° 2012; 
Tobert et al,” 2012 


Tomaszewski et al,® 2014; Lavallee et al,? 2013; Mayer 
et al, '° 2012; Altunrende et al,'' 2013; Okhunov et al, 1? 
2011; Bylund et al,'? 2012; Porpiglia et al,'* 2013; 
Kruck et al,'° 2012; Borgmann et al,' 2016 
Complications: = — Bylund et al,'* 2012; Simhan, '” 2011; Rosevear et al,” 2012; 
Borgmann et al, 1° 2016 
Post-NSS (MIS — — Hayn et al, 18 2011; Weight et al,'°? 2011; Mufarrij et al,?° 
or open) 2011; Liu et al,2' 2013; Ellison et al,” 2013; 
Minervini et al,” 2013; Tyritzis et al,2* 1813; 


Operative and 
ischemic times 


Porpiglia et al, f 2013 


Urine leak 3 C Bruner et al,” 2011; Tomaszewski et al,2° 2014 
Hemorrhage 3 C Jung et al,” 2014; Kruck et al,'> 2012 
Conversion to 3 C Kobayashi et al,?8 2013 


nephrectomy 
Post-RFA 3 C Chang et al,?? 2014; Schmit et al,*° 2013; Reyes et al,?' 2013 


complications 
Postcryoablation 3 C Sisul et al,?? 2013; Lagerveld et al,” 2014; Okhunov et al,** 


complications 2012; Schmit et al,>? 2013 
Predictive Role 
Surgical Outcome: 


Length of stay 3 C Kruck et al, 1° 2012 
Pathology 3 C Kutikov et al,?° 2011; Satasivam et al,” 2012; Gorin et al,?” 


2013; Wang et al,” 2012 
Surgical margins 3 C Khalifeh et al,?° 2013; Porpiglia et al,'* 2013; 


Borgmann et al,'® 2016 
Survival 3 C Kopp et al,*° 2014 


Tumor growth rate 3 C Matsumoto et al,“' 2014 
Renal function 3 C Bylund et al,'? 2012; Kruck et al, 1” 2012 


Abbreviations: MIS, minimally invasive surgery; NSS, nephron-sparing surgery; RFA, radiofrequency ablation. 


functional outcomes. Data also suggest that more 
anatomically complex lesions tend to be more bio- 
logically aggressive as measured by stage, grade, 
and type. 

Although the role of nephrometry continues to 
develop in the literature, it has already shown 
clinical utility in the following domains: 


e Objectifying risks 

e Informing case selection 

e Informing process 

e Predicting ischemia 

e Predicting complications 

e Predicting the safety of active surveillance 
e Predicting pathology®° 


This article provides an overview of the various 
nephrometry systems and their applicability to 
the management of renal masses. 


COMPLEXITY SYSTEMS 


Since the first report of a renal nephrometry score 
by Kutikov and Uzzo' in 2009, there have been at 
least 5 additional scoring system, some similar 
and others markedly different. However, the basic 
concept remains the same: to quantify a renal 
mass numerically so as to communicate com- 
plexity. This article reviews the pertinent literature 
and differences of each. 


RENAL Nephrometry 


The RENAL nephrometry score was the first 
objective measurement system developed for 
quantification of renal mass complexity. Its goal 
was to facilitate a common language, standardize 


Table 2 
RENAL nephrometry score 


1 Point 


Radius; maximal <4 
diameter (cm) 


Exophytic/endophytic >50 


2 Points 
>4 but <7 >7 


Renal Tumor Anatomic Complexity 


reporting, and quantify decision making by report- 
ing the risks/benefits of various management 
strategies. The score is based on a tumor’s size 
(R), endophycity/exophycity (E), nearness to the 
renal sinus (N), anterior/posterior position (A), 
and location relative to the polar lines (L). Table 2 
shows the points system used to calculate the 
RENAL score of a mass. Complexity can be 
roughly subdivided by calculating the nephrometry 
sum: low-complexity 5 4-6 points; moderate- 
complexity 5 7-9 points; high-complexity 5 10 
to 12 points (or an h designation). 

Subsequent literature has found that the RENAL 
score correlates with complications after partial 
nephrectomy, complications postablation, warm 
ischemia time, postoperative leak, choice of 
operative approach, risk of hemorrhage, pathology, 
progression-free/overall survival, postoperative 
renal function, and operative time, among other 
things. The score can be used in algorithms that 
allow physicians to communicate personalized 
risk assessments to patients based on their tumor 
complexity. For example, Simhan and colleagues'’ 
reported higher rates of major complications 
(Clavien grade IlI-V) after intervention for more 
nephrometrically complex renal masses. Even if 
the specific evidence that correlates complications 
with complexity is a surgeon-specific or institution- 
specific phenomenon, nephrometry can still allow 
for a more enlightened preoperative conversation 
with the patient regarding the tradeoffs of 
intervention. 

The RENAL score is also useful in showing 
trends in management. For example, Shin and 
colleagues’? retrospectively reviewed more than 
1000 procedures performed at a single institution 


3 Points 


<50 Entirely endophytic 


properties (%) 


Nearness of the tumor >7 
to the collecting 


>4 but <7 <4 


system or sinus (mm) 
Anterior/posterior No points given. Mass assigned a descriptor of a, p, or x 


Location relative to 
the polar lines? 


Entirely above the 
upper or below 
the lower polar line 


Lesion crosses 
polar line 


>50% of mass is across polar line (a) 
or mass crosses the axial renal 
midline (b) or mass is entirely 
between the polar lines (c) 


a Suffix h assigned if the tumor touches the main renal artery or vein. 
Data from Fox Chase Cancer Center. R.E.N.A.L. nephrometry scoring system. Available at: www.nephrometry.com. Ac- 


cessed December 28, 2016. 
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over a 7-year period and noted an increased use of 
partial nephrectomy during that time period 
(21.5% to 66.5%) as well as increased partial 
nephrectomy use in higher-complexity masses. 
Others have reported that physicians are more 
likely to place patients on active surveillance if their 
renal mass is less complex (polar, nonhilar, 
smaller, and less near to the collecting system/ 
sinus).*° 

In addition, tumor complexity, as described by 
RENAL nephrometry, may reflect a tumor’s biology. 
Several studies have shown a positive correlation 
between increasing complexity and high-grade 
lesions.°°.>° One multi-institutional study correlated 
higher nephrometry with a risk of upstaging after 
robotic partial nephrectomy.” Complexity may 
also predict the positive-margin rate following 
surgery, as at least 2 studies of minimally invasive 
partial nephrectomy have shown.'*%° If tumor 
complexity correlates with aggressiveness, then 
complexity would also be expect to correlate with 
growth rates and there is some evidence that 
RENAL nephrometry correlates with tumor growth 
rates in patients under active surveillance.*' 


Preoperative Aspects and Dimensions Used 
for Anatomic Classification 


The PADUA nephrometry score is a close variation 
of the RENAL nephrometry score.** The algorithm 
incorporates tumor size with the following aspects 
of tumor anatomy: anterior or posterior face, longi- 
tudinal and rim tumor location, tumor relationships 
with the renal sinus or collecting system, and per- 
centage of tumor deepening into the kidney. 
Similar to the RENAL nephrometry score, PADUA 
measures radius and endophycity/exophycity, 
although it differs in its measurement of tumor 


Nxtry? ac d/2ar 


c/r = C-index 


x= 1.6;y= 1.2 
c=2;r=2 
cre 


location relative to sinus lines and the tumor’s rela- 
tionship to the renal rim and renal sinus/collecting 
system. The calculated score predicts the occur- 
rence and grade of postoperative complications 
in a manner similar to the RENAL score. Although 
the PADUA system has not been validated as 
broadly, it provides a similarly useful clinical tool 
to help risk-stratify patients with renal masses un- 
der consideration for nephron-sparing surgery. 


Centrality Index 


The C-index uses the geometric associations of a 
renal mass to the surrounding kidney to calculate a 
score.*° Fig. 1 shows the spatial measurements 
used to derive the C-index score. The kidney cen- 
ter is determined radiographically, and an ellipse is 
drawn around the kidney. The hypotenuse of 
the right triangle that is formed between the 
centers of the kidney and the tumor is divided 
by the tumor’s radius to yield an index value. 
Unlike other nephrometry scores, the higher the 
C-index, the lower the complexity. For example, 
a C-index of O indicates a tumor that is 
concentric with the center of the kidney, whereas 
a C-index of greater than 1 denotes a peripheral 
tumor increasingly distant from the kidney 
center. This scoring system relies only on 
radiographic distance measurements, in contrast 
with the RENAL and PADUA systems, which 
base points on qualitative descriptions of the 
renal mass. 

In the original article, multivariate regression 
analysis revealed an association of the C-index 
with warm ischemia time (P 5 .004), which is a sur- 
rogate for technical complexity. The C-index has 
not gained as wide acceptance, perhaps because 
it seems less intuitive and more complicated to 


xe3.S;ye2 x= 4.6;y=2 
c=4;r=2 c=5;r=3 
c/r=2 cir = 1.7 


Fig. 1. C-index. A perfectly concentric tumor relative to kidney center (A). Increasingly peripheral tumor location 
with C-index >1 (B-D). (From Simmons MN, Ching CB, Samplaski MK, et al. Kidney tumor location measurement 
using the C index method. J Urol 2010;183:1708; with permission.) 


calculate, although it has been reported that inter- 
observer correlation was greater than 93% with an 
estimated learning curve of 14 cases. Even though 
it has not been as broadly examined in the litera- 
ture, some intriguing outcome associations have 
been found, such as the finding that C-index is 
independently associated with postoperative esti- 
mated glomerular filtration rate outcomes following 
laparoscopic partial nephrectomy.*° 


The Arterial-based Complexity Score 


The ABC scoring system was specifically 
designed to assess morbidity profiles following 
partial nephrectomy.*” The system was developed 
by analyzing 179 patients who underwent partial 
nephrectomy, and categorized tumors based on 
the order of vessels that needed to be transected 
to excise the tumor. The larger the vascular struc- 
ture, the heavier the weight placed on transecting 
it. For example, a score of 1 is given if an interlob- 
ular or arcuate artery is involved, a score of 2 is 
given if excision affects the interlobar vessels, a 
score of 3s is given if a segmental vessel is 
involved, and a score of 3h is given if the lesion 
is in proximity to the renal hilum. Like the RENAL 
nephrometry score, the higher the ABC score, 
the more complex the tumor’s excision may be. 

The ABC score has been shown to correlate 
with operative blood loss, ischemia time, and the 
risk of urinary leak following partial nephrectomy. 
As with other scoring systems, further validation 
is needed to elucidate its clinical applicability. 


The Diameter-Axial-Polar Score 


The DAP nephrometry system was devised as a 
combination and optimization of the RENAL and 
C-index nephrometry scores.*® The DAP score is 
calculated by adding the values of 3 independent 
radiographic measurements: (1) the largest axial 
tumor diameter; (2) the axial distance between 
the kidney center and the tumor edge; and (3) 
the distance of the tumor edge from the kidney’s 
equatorial plane. Investigators found a 95% inter- 
observer agreement in scoring using this system. 
The DAP sum and each component score corre- 
lated with partial nephrectomy outcomes, such 
as percentage of functional volume preservation, 
warm ischemia time, and blood loss. 

The DAP nephrometry score was conceived as 
a methodologically straightforward measurement 
system that also has strong predictive power. 
There are few studies that have analyzed tumor 
complexity based on DAP scores, and, as with 
other newer systems, its applicability and predic- 
tive value require further determination. DAP score 
seems to have an advantage compared with other 
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systems in improving interobserver reproducibility, 
although it may not be as robust in its descriptive 
and predictive powers. There is evidence to sug- 
gest that RENAL nephrometry continues to show 
better perioperative outcome prediction following 
partial nephrectomy than DAP, PADUA, and C-in- 
dex scores. '° 


Contact Surface Area 


The renal tumor contact surface area (CSA) 
measurement was designed to predict both 
complexity of surgical intervention and subse- 
quent outcomes following partial nephrectomy.*° 
This system measures the area of the tumor that 
is in direct contact with normal renal parenchyma 
by using image-rendering software on renal- 
protocol computed tomography imaging. Concep- 
tually, the higher the CSA, the higher the expected 
nephron loss required to excise a complex tumor. 
The applicability for this scoring system was 
shown in a retrospective analysis of 162 patients, 
in which investigators found that a CSA greater 
than 20 cm? correlated with higher operative blood 
loss and increased postoperative complications. It 
also correlated with other important surgical out- 
comes such as operative time and renal functional 
loss. 


OTHER OBJECTIVE COMPLEXITY 
MEASUREMENT SYSTEMS 


Given the increasing use of nephrometry scoring 
systems to communicate tumor complexity and 
risk, additional systems have been proposed to 
facilitate objectification of non-tumor-related sur- 
gically relevant anatomy, including descriptive 
systems that assess perinephric fat and renal col- 
lecting system anatomy. 


The Mayo Fat Score 


For many surgeons who regularly perform partial 
nephrectomy, the presence of copious adhesive 
perinephric fat can be one of the most challenging 
aspects of operations. Attempts have therefore 
been made to objectively predict the likelihood of 
encountering this type of perinephric bad or toxic 
fat, because it has implications for case complexity, 
duration, and potentially complications. 

The Mayo Adhesive Probability (MAP) score is 
an image-based scoring system designed to 
predict the presence of adherent perinephric fat 
encountered during partial nephrectomy.°° In- 
vestigators studied at axial imaging from 100 
patients undergoing robotic-assisted partial ne- 
phrectomy and showed that perinephric stranding 
and perinephric fat thickness (in centimeters) 
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Extrarenal renal pelvis 


Intrarenal renal pelvis 


~ 


Fig. 2. Extrarenal versus intrarenal renal pelvis. (From Tomaszewski JJ, Cung B, Smaldone MC, et al. Renal pelvic 
anatomy is associated with incidence, grade, and need for intervention for urine leak following partial nephrec- 


tomy. Eur Urol 2014;66(5):951; with permission.) 


strongly correlated with the presence of adhesive 
perinephric fat. A follow-up study to evaluate the 
effect of MAP scores on disease-specific out- 
comes following partial nephrectomy showed 
that higher MAP scores correlated with decreased 
progression-free survival.°' This finding leads to 
the intriguing hypothesis, as the investigators 
note, that a more aggressive tumor may anatomi- 
cally affect the perinephric fat that encases it. 
Although this hypothesis requires further testing, 
the MAP score is a useful way to communicate 
a relevant metric that can affect operative 
complexity. 


The Renal Pelvic Score 


Renal pelvic anatomy is an often overlooked 
aspect of complex kidney surgery.*°° The rele- 
vance includes the risk of postoperative urine 
leak following partial nephrectomy, which has 
been estimated to be as high as 15% to 20% 
depending on tumor complexity.2° Surgeons 
have reasonably asked whether the complexity 
of the tumor is the only factor that predicts postop- 
erative urinary leak, or whether other factors, such 
as renal pelvic anatomy, can also influence leak 
rates. Although postoperative urine leaks might 
be prevented by meticulous intraoperative repair 
of collecting system entries, the anatomy of the 
renal pelvis may also play an important role in 
determining the likelihood of postoperative leak. 
The Renal Pelvic Score was designed to objec- 
tively classify renal pelvic anatomy in order to 
assess leak risk and speed of leak closure. An 


analysis of a cohort of 255 partial nephrectomy pa- 
tients with renal masses of intermediate and high 
complexity showed that patients with an intrapar- 
enchymal renal pelvis had a higher likelihood of 
developing a urine leak, had a longer leak duration, 
and had a higher risk of needing secondary inter- 
vention to ameliorate the leak. It is theorized that 
the increased pressure generated within an intra- 
parenchymal renal pelvis (LaPlace’s law) might 
explain the higher rate of leak-related complica- 
tions seen in these patients. Fig. 2 shows how 
the anatomic difference manifests radiologically. 
This classification system is not a comprehensive 
tool meant to evaluate the complexity of a surgical 
resection. Instead, it is a useful tool to help sur- 
geons predict and communicate the risk of urine 
leak and potentially intervene prospectively (such 
as by placing a ureteral stent) to prevent this 
complication from arising. 


SUMMARY 


Risk assessment strategies and predictive 
markers of outcomes are the focus of intensive 
research in localized renal masses. Since 2009, 
multiple nephrometry systems have been pro- 
posed to objectively describe renal masses and 
renal anatomy so as to predict surgical complexity 
and outcomes of intervention. 

The aforementioned scoring systems were all 
constructed based on robust retrospective data, 
but are fundamentally limited by their lack of pro- 
spective validation. Nonetheless, they have paved 
the way for improved comparative research by 


providing a common lexicon to describe tumor 
complexity and to predict management com- 
plexity. The introduction of nephrometry served 
as a catalyst to better describe a host of clinically 
meaningful variables that affect treatment. For 
example, the MAP score, Renal Pelvic Score, 
and ABC score were developed based on the 
surgical need for better characterizations of renal 
anatomic complexity. Although tumor-specific 
nephrometry is now clearly associated with a 
variety of short-term and long-term outcomes, it 
is notable that other descriptive systems, which 
are non-tumor specific, also show important prog- 
nostic abilities. 

The collective experience with nephrometry 
systems continues to grow, especially in case- 
controlled investigations attempting to find new 
correlations between nephrometry and clinically 
relevant management algorithms or outcome 
measures. As these systems are incorporated 
into prospectively designed clinical trials, clini- 
cians will start to learn the full prognostic capabil- 
ities of preoperative scoring. Nephrometry 
promises to be a powerful tool that can also be 
used to counsel patients on individualized risk 
and management expectations. 

Taken together, the accumulated data in this 
new field provide provocative evidence that 
objectifying anatomic complexity can consolidate 
reporting mechanisms and improve metrics of 
comparisons. Emerging research continues to 
suggest that the evolution toward systematic 
reporting of anatomy and complexity will lead to 
new and unanticipated correlations that will affect 
the management of renal masses. 
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KEY POINTS 


e The incidence of localized renal cell carcinoma (RCC) has been steadily increasing, in large part 


because of the increased use of imaging. 


e Optimizing the management of localized RCC has become one of the leading priorities and fore- 
most challenges within the urologic-oncologic community. 

e Adequate risk stratification of patients following the diagnosis of localized RCC has become mean- 
ingful in deciding whether to treat, how to treat, and how intensively to treat. 


INTRODUCTION 


Approximately 60% of patients with renal cell car- 
cinoma (RCC) present with localized disease. ' The 
incidence of RCC has been steadily increasing,” 
likely because of the increased use of imaging.° 
More patients are diagnosed with asymptomatic 
small renal masses (SRMs), of which most are 
early-stage RCC. Historically, patients with local- 
ized disease were predominantly treated with 
radical nephrectomy with curative intent. How- 
ever, this strategy has not led to a decrease in 
mortality, calling into question the need to treat 
every SRM at first diagnosis. The lack of effect 
has been attributed to the sometimes indolent 
nature and clinical heterogeneity of SRMs.* 
Optimizing the management of localized RCC 
has become one of the leading priorities and fore- 
most challenges within the urologic-oncologic 


community as clinicians struggle to identify who 
needs upfront surgery and who might be followed 
with close monitoring (ie, active surveillance). 

At present, no biomarkers are known that can 
reliably and accurately differentiate between a 
benign SRM, a clinically indolent RCC, and an 
aggressive form of RCC.° Consequently, devel- 
oping adequate risk stratification nomograms 
following the diagnosis of localized RCC has 
become very important. The primary step is for 
the patients and clinicians to make informed deci- 
sions on whether to surgically treat (ie, radical ne- 
phrectomy, partial nephrectomy) or nonsurgically 
treat (ie, active surveillance, tumor ablation). This 
decision needs to take into consideration the 
trade-offs between the oncologic benefits of sur- 
gery (ie, overall survival, cancer-specific mortality) 
and treatment-related morbidities (ie, chronic kid- 
ney disease, surgical complications, perioperative 
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mortality). Second, in patients who are selected for 
surgery, consideration of nephron-sparing surgery 
remains essential. Furthermore, correctly classi- 
fying a patient’s risk of recurrence has become 
especially important. Evidence shows that be- 
tween 20% and 40% of patients recur within 
3 years following a nephrectomy,° and that be- 
tween 10% and 20% of patients recur beyond 
5 years following a nephrectomy.’ Such individ- 
uals, if correctly identified, can potentially benefit 
from adjuvant therapy.® 

This article characterizes existing risk assess- 
ment models for prediction of outcomes in the pre- 
operative and postoperative settings. Of note, it 
does not focus on individual risk factors, which 
are beyond the scope of the article, but focuses 
on models that include a variety of prognostic fac- 
tors. Furthermore, because most of these studies 
developed their models based on patients with 
localized disease (nonmetastatic RCC) and not 
specifically patients with SRMs, this article in- 
cludes the proportion of patients with T1a disease 
whenever reported in the original study. 


PREOPERATIVE SETTING 


Risk assessment models that were developed for 
patients with renal cell carcinoma used in the pre- 
operative setting are described in (Table 1). 


Predicting Malignant Versus Benign Disease 


Incidentally detected SRMs (<4 cm) account for 
more than 40% of RCC diagnoses.° Between 
20% and 30% of these lesions ultimately prove to 
be benign, instilling uncertainly into practitioners 
as to how aggressively to treat.'°'' With the 
increased use of renal mass biopsy,‘ clinicians 
can more easily distinguish between malignant 
and more indolent histologies. In addition, some 
studies have highlighted the potential association 
between renal mass anatomy and pathology, but it 
clearly is not sensitive enough to form the basis of 
the surgical decision. '*-'° For example, Schachter 
and colleagues '* reported that 13.5% of exophytic 
tumors were oncocytoma versus 9.2% of central tu- 
mors. Venkatesh and colleagues’? also showed 
that 44.9% of exophytic tumors were benign 
compared with 15.8% of endophytic tumors. 

For the purpose of better counseling patients with 
an enhancing renal mass, Kutikov and colleagues '© 
developed a nomogram for prediction of malignant 
disease using the characteristics of tumor anatomy 
of 525 patients who underwent a nephrectomy at 
their institution. Most had early stage T1a disease 
(43%). The model incorporated gender, gender- 
stratified age, and components of the RENAL 
(radius, exophytic or endophytic properties, 


nearness of the tumor, anterior or posterior, loca- 
tion; discussed later) nephrometry score!” (dis- 
cussed further later). It encompasses radius, 
exophytic properties, proximity of the tumor to the 
collecting system or renal sinus, location relative 
to the polar lines, and hilar location. The model 
showed moderate predictive accuracy to identify 
malignant renal masses (centrality index [concor- 
dance index (c- index)] for the development cohort, 
0.76; c-index for the cross-validation cohort, 0.68). 

In a comparable study, a multicenter initiative 
focused on 1009 patients with clinically localized 
RCC (<4 cm) treated with partial nephrectomy at 
5 single institutions between years 2007 and 
2013.18 Also relying on the RENAL nephrometry 
score, the investigators developed a model for pre- 
diction of malignant disease. In the final multivari- 
able model, male sex, tumor diameter of greater 
than or equal to 3 cm, and a nephrometry score 
of greater than or equal to 8 points were signifi- 
cantly associated with malignancy (c-index, 0.62). 


Predicting Unfavorable Pathology 


At final pathology, only between 10% and 30% of 
lesions from SRMs are considered aggressive. '° 
According to a population-based study of the Sur- 
veillance, Epidemiology, and End Results (SEER) 
database focusing on patients with less than or 
equal to 3 cm RCC between years 1988 and 
2007 (n = 14,962), only 3% of patients had distant 
metastasis. '° 

Kutikov and colleagues, '° in the same study that 
developed a nomogram for prediction of malignant 
disease, also developed a second nomogram for 
prediction of high-grade RCC. The retained vari- 
ables in that model included sex and the nephrom- 
etry score (c-index for the development cohort, 
0.73; c-index for the cross-validation cohort, 
0.69). The ability of the RENAL nephrometry score 
to discriminate against patients with high-grade 
RCC was also externally validated in a Chinese 
population (n = 391) treated at a single institution 
between 2008 and 2011 (c-index, 0.73).° In their 
decision curve analysis, the investigators showed 
that the model provided a superior net benefit 
with a threshold probability of up to 20%. Ball 
and colleagues'® also reported that male sex, tu- 
mor diameter of greater than or equal to 3 cm, 
and a nephrometry score of greater than or equal 
to 8 points were highly predictive of unfavorable 
pathology, defined as Fuhrman grade III to IV or le- 
sions upstaged to pathologic T3a on surgery (c-in- 
dex, 0.63). 

Other studies have attempted to predict the risk 
of harboring nodal metastases. For example, Hut- 
terer and colleagues?! relied on data from 2522 


Table 1 
Risk assessment models developed for patients with renal cell carcinoma used in the preoperative setting 


Study, Year End Points Risk Factors c-Index Intervention Sample Size? 
Predicting Malignancy and Unfavorable Pathology 


Hutterer et al?’ (multi- Nodal metastases Age at diagnosis, symptom Validation cohort: 0.78 Nephrectomy Development cohort: 
institution), 2007 classification, tumor size 2522 (cT1a: 34%) 
Validation cohort: 
2136 (cT1a: 31%). 
Hutterer et al?! (multi- Distant metastases Symptom classification and Validation cohort: 0.85 Nephrectomy Development cohort: 
institution), 2007 tumor size 2660 
Validation cohort: 
2716 
Kutikov et al'® (single Malignancy Gender, gender-stratified age, Development cohort, Nephrectomy 525 (T1a: 43%) 
institution), 2011 radius, exophytic properties, 0.76; cross- 
nearness of the tumor to the validation, 0.68 
collecting system or sinus, 
location relative to the polar 
lines, and hilar location 


Kutikov et al'® (single High-grade RCC Gender, radius, exophytic Nephrectomy 525 (T1a: 43%) 
institution), 2011 properties, nearness of the 
tumor to the collecting 
system or sinus, location 
relative to the polar lines, 
and hilar location 


Ball et al'® (multi- Malignancy Gender, tumor diameter, 0.62 Partial 1009 (pT1a: 93%) 
institution), 2015 nephrometry score sum >8 nephrectomy 
points 
Ball et al'® (multi- High-grade RCC, upstaged Gender, tumor diameter, 0.63 Partial 1009 (pT1a: 93%) 
institution), 2015 to pT3a nephrometry score sum >8 nephrectomy 
points 
Predicting Non-cancer-related Mortality 
Kutikov et al?” (SEER), Kidney cancer-specific Age at diagnosis, race, gender, Kidney cancer-specific Nephrectomy 30,801 (T1a: 41%) 
2010 mortality; other cancer- tumor size (for all 3 end mortality, 0.70; 
related mortality; non- points) other-cause-related 
cancer-related mortality mortality, 0.71; non- 
cancer-related 
mortality, 0.73° 


(continued on next page) 
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Table 1 
(continued) 
Study, Year End Points Risk Factors c-Index Intervention Sample Size? 
Kutikov et al?° (SEER- Kidney cancer-specific Age at diagnosis, race, gender, Not reported. Nephrectomy 6655 (T1a: 56%) 
Medicare), 2012 mortality; other-cause tumor size, Charlson 
mortality comorbidity index (for all 3 
end points) 
Predicting Recurrence and Cancer-specific Mortality 
Yaycioglu et al? (single Recurrence Symptom presentation, Not reported Radical 296 (T1: 63%) 
institution), 2001 clinical tumor size nephrectomy 
Cindolo et al?! (multi- Recurrence Symptom presentation, Not reported Nephrectomy 660 (T1: 63%) 
institution), 2003 clinical tumor size 
Raj et al?? (multi- 12-y metastatic progression Gender, symptoms at Development cohort, Nephrectomy 2517 
institution), 2008 presentation, 0.80; cross-validation, 
lymphadenopathy at 0.76. 


imaging, tumor necrosis at 


imaging, clinical tumor size 


Karakiewicz et al?? 1-y, 2-y, 5-y, and 10-y Age at surgery, gender, Validation cohort, 0.88, Nephrectomy Development cohort: 
(multi-institution), cancer-specific mortality symptoms classification, 0.87, 0.87, and 0.84 2474 (T1a: 26%) 
2008 tumor size, clinical tumor at 1, 2, 5, and 10 y, Validation cohort: 

stage, metastases at respectively. 1978 (T1a: 36%) 
presentation 

Thiel et al?* (single Progression-free survival MAP score and age at surgery Not reported Nephrectomy 405 (T1a: 53%) 


institution, prospective 
registry), 2016 


Predicting Tumor Complexity 


Kutikov et al!” (single Tumor complexity Radius (maximal diameter in Not reported Nephrectomy 50 
institution), 2009 cm), exophytic or 

endophytic properties, 
nearness of the tumor to the 
collecting system or sinus, 
anterior or posterior, 
location relative to the polar 
lines, where a suffix h is 
assigned if the tumor 
touches the main renal 
artery or vein 
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Ficarra et al® (single Tumor complexity defined Longitudinal polar location, Not reported Open partial 164 
institution), 2009 as any grade of exophytic or endophytic nephrectomy 
complications properties, renal rim, renal 
sinus, involvement of 
urinary collecting system, 
tumor size 
Simmons et al** (single Tumor complexity defined The ratio of the distance Not reported Partial 133 
institution), 2010 as estimated blood loss, between the tumor center nephrectomy 


operative time, warm 
ischemia time, 
intraoperative 
complication, 
postoperative 


complication 


and the kidney center, and 
the tumor radius 


Simmons et al*° (single Tumor complexity defined Diameter of the tumor, the Not reported Partial 299 
institution), 2012 as percentage of axial distance, and the polar nephrectomy 
functional volume distance 
preservation, warm 
ischemia time, estimated 
blood loss 
Hakky et al?” (single Tumor complexity defined Nearness to the collecting Not reported Partial 166 
institution), 2014 as clamp time, system, physical location of nephrectomy 
complications, urine leak the tumor in the kidney, 
rate, intraoperative radius of the tumor, and 
blood loss, and endophytic/exophytic 
pathologic tumor size properties 
Davidiuk et al (single Tumor complexity and Posterior perinephric fat 0.89 Partial 100 
institution), 2014 presence of adherent thickness, and perinephric nephrectomy 
perinephric fat stranding 


Abbreviations: MAP, Mayo Adhesive Probability; SEER, Surveillance, Epidemiology, and End Results. 
a In parentheses, when available, the proportion of patients with T1 or T1a RCC. 
© Not reported in original article; taken from a subsequent publication by Lughezzani and colleagues.” 
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patients from 7 centers to develop a nomogram for 
prediction of nodal metastases, and externally 
validated the model on 2136 patients treated at 5 
other centers. Overall 4.2% of patients had lymph 
node metastases in the development cohort. The 
logistic-based nomogram included age at diag- 
nosis, symptom classification, and tumor size 
(c-index in the validation cohort, 0.78). 

In a separate study, Hutterer and colleagues” 
used data from 2660 patients with RCC from 11 
centers to develop a nomogram for prediction of 
distant metastases, and externally validated the 
model with 2716 patients from 3 other centers. 
Overall, 10% of patients developed/recurred with 
distant metastases in the development cohort. In 
this model, only symptom classification and tumor 
size emerged as significant predictors (c-index in 
the validation cohort, 0.85). 


Predicting Non-cancer-related Mortality 


RCC is aclinically heterogeneous disease. Although 
metastatic RCC is generally lethal, most small renal 
tumors follow an indolent course of disease.*° 
Over time, the urologic community has come to 
recognize that SRMs have been highly overtreated 
with radical nephrectomy in the past,?* and that 
limited oncologic benefit may be observed in 
inadequately selected patients for surgical manage- 
ment.?®?5 Considering competing causes of mortal- 
ity is critical to optimizing the management of 
localized RCC. In populations with higher comorbid- 
ities at diagnosis, clinicians must rely on quantifiable 
trade-offs in selecting patients for surgery given the 
strains of unnecessary treatment.?° 

The first tool of its kind was developed by Kutikov 
and colleagues,”’ who relied on a population-based 
retrospective cohort from the SEER database. They 
identified 30,801 surgically managed patients diag- 
nosed with localized RCC (T1a, 41%) between 
years 1988 and 2003. The investigators developed 
a competing-risk nomogram capable of predicting 
the 5-year kidney cancer-specific mortality, non- 
cancer-related mortality, and other cancer-related 
mortality. Its final model incorporated race at diag- 
nosis (white, black, other), age at diagnosis, sex, 
and tumor size. An example of the clinical applica- 
tion of this nomogram in routine practice is the abil- 
ity to predict 5-year cancer-specific mortality of a 
75-year-old white man with a 4-cm tumor, which 
would be 5% versus 14% for non-cancer-related 
mortality. The model showed adequate calibration 
and discrimination for all end points.?° 

Recognizing the importance of taking into ac- 
count comorbidities, the same group of investiga- 
tors subsequently updated their nomogram with 
the Charlson Comorbidity Index using the SEER- 


Medicare—linked database.”° Specifically, 6655 in- 
dividuals greater than or equal to 66 years old 
diagnosed with localized RCC between 1995 and 
2005 were identified (T1a, 56%). By incorporating 
comorbidities, the investigators were able to show 
that the risk of dying of a non-kidney cancer-spe- 
cific cause outweighed the risk of dying of a kidney 
cancer-specific cause in most patients when 
stratifying by the Charlson Comorbidity Index, 
with the exception of patients without comorbid- 
ities in whom renal tumors were greater than 
7 cm in diameter (c-index, not reported). 


Predicting Recurrence and Cancer-specific 
Mortality 


Among the first to propose a model for prediction of 
recurrence using preoperative characteristics in or- 
der to plan potential surveillance strategies was 
Yaycioglu and colleagues,*° who relied on the re- 
cords of 296 patients treated with radical nephrec- 
tomy for RCC at a single institution between 1990 
and 1999 (T1, 63%). Thirty-eight patients (12.8%) 
eventually recurred. The median time to recurrence 
was 17 months after surgery. In their final multivari- 
able model only patient presentation (symptomatic 
vs incidental; hazard ratio [HR], 4.73; 95% 
confidence interval [Cl], 1.84-12.15) and clinical 
tumor size (HR, 1.21; 95% Cl, 1.13-1.30; both 
P = .001) were retained as significant predictors 
of recurrence after nephrectomy. A recurrence risk 
calculation was proposed in which the patient’s 
risk was 1.55 x presentation (0 is asymptomatic, 1 
is symptomatic) + 0.19 x clinical size in centimeters 
(c-index, not reported). Cindolo and colleagues?! 
developed a similar model using 660 patients 
with nonmetastatic RCC treated with nephrectomy 
at 3 European centers (T1, 63%), but with a 
different recurrence risk formula, defined as 
1.28 x presentation (0 is asymptomatic, 1 is 
symptomatic) + 0.13 x clinical size in centimeters 
(c-index, not reported). Recurrences occurred in 
110 individuals (16%; mean time to recurrence, 
27 months after surgery). 

Raj and colleagues?’ developed the first preop- 
erative nomogram for prediction of long-term 
recurrence-free survival (ie, the 12-year probability 
of metastatic cancer) in 2517 patients with RCC 
treated at 2 centers in the United Stat (T1, not 
reported). The 12-year recurrence-free survival 
was 70% (95% Cl, 68%-72%). The final model 
included gender, symptoms at presentation (inci- 
dental, localized, systemic), lymphadenopathy at 
imaging, tumor necrosis at imaging, and clinical 
tumor size (c-index in the development cohort, 
0.80; c-index in the cross-validation, 0.76). Kara- 
kiewicz and colleagues? also followed with a 


preoperative nomogram for prediction of cancer- 
specific mortality after nephrectomy based on 
data from 2474 patients (T1a, 26%) treated at 5 
centers that comprised a development cohort 
and another 1978 patients (T1a, 36%) treated at 
7 other institutions that comprised the external 
validation cohort. The final model allowed predic- 
tions of cancer-specific mortality-free survival at 
1, 2, 5, and 10 years after nephrectomy, and 
included age, gender, symptoms classification, tu- 
mor size, clinical tumor stage, and metastases at 
presentation (c-index at 1, 2, 5, and 10 years, 
0.88, 0.87, 0.87, and 0.84). 

Recently, Thiel and colleagues“ correlated the 
Mayo Adhesive Probability (MAP) score®° with 
progression-free survival for localized RCC. The 
MAP score is a measure that incorporates the al- 
gorithms of (1) the posterior renal fat thickness 
and (2) the extent of perinephric fat stranding 
around the kidney. Among 405 patients identified 
from a prospective registry between 2002 and 
2014 (T1a, 53%), high MAP scores were more 
likely to be associated with being male, being 
older, having a higher body mass index, and 
harboring larger tumors. In patients with specif- 
ically T1 RCC (n = 329), higher MAP scores (4-5) 
were more likely to progress than low MAP scores 
(0-3; HR, 3.46; 95% Cl, 1.06-11.24) after adjusting 
for age at surgery (c-index, not reported). 


Predicting Tumor Complexity 


Although a randomized trial showed no significant 
benefit for partial nephrectomy compared with 
radical nephrectomy,°° numerous retrospective 
studies have shown otherwise.°’“*° Given the 
increased understanding of the associated risk of 
chronic kidney disease and related cardiovascular 
sequalae,*' efforts have been concentrated on 
trying to preserve the renal parenchyma when 
possible. National guidelines have therefore stated 
that partial nephrectomy represents a viable treat- 
ment alternative comparable with radical nephrec- 
tomy, whenever technically feasible.2*:42 

A predominant factor in opting for a partial ne- 
phrectomy is the complexity of renal tumor anat- 
omy. Although several nephrometry scores have 
been developed for the purpose of assessing renal 
tumor anatomy before partial nephrectomy, 6 
have emerged as being satisfactory in measuring 
tumor complexity, namely (in order of publication 
date) the RENAL nephrometry score, the Preopera- 
tive Aspects and Dimensions Used for an Anatom- 
ical (PADUA) classification, the c-index method, 
the Diameter-Axial-Polar (DAP) nephrometry 
system, the Zonal nearness to collecting system, 
physical location of the tumor in the kidney, radius 
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of the tumor, organization of the tumor (NephRO 
score), and the MAP score. 1833:4346 

Kutikov and Uzzo! initially developed the 
RENAL nephrometry score, which incorporates 
the radius (maximal diameter: <4 cm; 4-7 cm; 
and >7 cm), exophytic or endophytic properties 
(>50% exophytic; <50% exophytic; and 100% 
endophytic), nearness of the tumor to the collect- 
ing system or sinus (>7 cm; 4-7 cm; and 
<4 cm), anterior or posterior, and location relative 
to the polar lines (entirely above the upper or 
below the lower polar line; lesion crosses polar 
line; >50% of the mass is across polar line, or 
mass crosses the axial renal midline, or mass is 
entirely between the polar lines). The investigators 
then applied the score to 50 patients treated at 
their institution, which resulted in groups of low 
(4-6 points), moderate (7-9 points), and high tumor 
complexity (10-12 points). Furthermore, a suffix of 
a, p, or x added an additional descriptive for iden- 
tifying anterior or posterior location, and a suffix of 
h was given for hilar tumors. 

In a slightly different version, the PADUA classi- 
fication was developed in a cohort of 164 patients 
who underwent partial nephrectomy at a single 
Italian center between 2007 and 2008. The 
anatomic aspects in the scoring algorithm 
included longitudinal polar location (superior/infe- 
rior, middle), the proportion of exophytic proper- 
ties (>50%, <50%, and entirely endophytic), 
renal rim (lateral, medial), renal sinus (not involved, 
involved), urinary collecting system (not involved, 
dislocated/infiltrated), and tumor size (<4 cm, 
4.1-7 cm, <7 cm). Patients with increasing PADUA 
scores were more likely to experience complica- 
tions following surgery (score 8-9: HR, 14.54; 
95% Cl, 3.98-53.03. Score >10: HR, 30.64; 95% 
Cl, 7.75-120.95. Both P<.001 vs score 6-7). 

Simmons and colleagues“ first proposed that 
measuring tumor centrality by analysis of standard 
two-dimensional cross-sectional computed to- 
mography images should be done alongside con- 
ventional characteristics (ie, tumor size, location) 
in order to estimate the complexity of partial ne- 
phrectomy. Essentially, the c-index is based on 
the ratio of the distance between the tumor center 
and the kidney center, and the tumor radius. A 
c-index of 0 denotes that the tumor is concentric 
with the center of the kidney. A c-index of 1 de- 
notes that a tumor has its periphery touching the 
kidney center. As the c-index increases, the tumor 
periphery becomes increasingly distant from the 
kidney center. In multivariable analyses, the c-in- 
dex was significantly associated with warm 
ischemia time, but not estimated blood loss, oper- 
ating time, intraoperative complications, or post- 
operative complications. 
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Subsequently, Simmons and colleagues‘? pro- 
posed a novel scoring method termed the DAP 
nephrometry algorithm, which attempts to combine 
the RENAL nephrometry and the c-index scoring 
systems. The DAP score is the sum of the diameter 
of the tumor, the axial distance (ie, the distance from 
the center point to the closest tumor edge), and the 
polar distance scores (ie, the number of imaging 
sections multiplied by image slice thickness). The 
novel scoring method, as well as the RENAL nephr- 
ometry and the c-index scoring methods, were 
tested on 299 patients who previously underwent 
a nephrectomy between 2007 and 2010 at the in- 
vestigators’ institution. In multivariable analyses, 
all the parameters included in the DAP scoring 
method were significantly associated with percent- 
age functional volume preservation, warm ischemia 
time, and estimated blood loss. 

Hakky and colleagues*’ developed the zonal 
NephRO score, which is based on 4 anatomic 
components that are assigned a score of 1, 2, or 
3. It includes nearness to collecting system 
(whether the mass touches the cortex, the me- 
dulla, or the collecting system, or crosses the renal 
sinus), physical location of the tumor in the kidney 
(whether it is in the lower pole below the collecting 
system, lateral to but not touching the collecting 
system, or in the upper pole, or it touches the 
collecting system), radius of the tumor (<2.5 cm, 
2.5-4 cm, >4 cm), and organization of the tumor 
(>50% exophytic, 50%-75% endophytic, >75% 
endophytic). The investigators confirmed the 
model’s correlation with the occurrence of postop- 
erative complications on 166 patients who under- 
went partial nephrectomy. 

More recently, Davidiuk and colleagues*° opted 
for the inclusion of patient-specific factors in addi- 
tion to tumor-specific factors in the consideration 
of technical feasibility of a partial nephrectomy. 
Specifically, the investigators proposed a novel 
scoring algorithm for prediction of adherent peri- 
nephric fat (ie, sticky fat), which can limit mobiliza- 
tion of the kidney and isolation of the renal tumor. 
To this end, they introduced an image-based 
scoring method, termed the MAP for prediction of 
adherent perinephric fat during robotic-assisted 
partial nephrectomy, and tested the model on 100 
patients treated at their institution. Following a for- 
ward variable selection model, the MAP score was 
created based on posterior perinephric fat thick- 
ness (<1.0 cm, 1.0-1.9 cm, >2.0 cm) and perineph- 
ric stranding (c-index, 0.89). The perinephric 
stranding was graded as none (when the fat around 
the kidney shows no stranding; 0 point), type 1 
(when the fat around the kidney has some image- 
dense stranding present but no thick bars of inflam- 
mation; 2 points), and type 2 (when the image 


shows severe stranding around the kidney with 
thick image-dense bars of inflammation; 3 points). 
Per the investigators, the score is undergoing an 
external validation in an independent cohort of par- 
tial nephrectomy with a larger sample size. 

Given the availability and use of various scoring 
systems for prediction of tumor complexity before 
a partial nephrectomy, a systematic comparison 
and external validation of all methods was deemed 
necessary. Using outcomes from 305 patients 
treated with partial nephrectomy at 3 institutions be- 
tween 2013 and 2015, Kriegmair and colleagues*® 
performed a head-to-head comparison of the 
RENAL, the PADUA, the NephRO, and the c-index 
scoring methods and their relationships with surgi- 
cal parameters. All nephrometry scores correlated 
significantly with ischemia, ischemia time, and 
opening of the collecting system. Only the RENAL, 
PADUA, and NephRO scoring systems correlated 
significantly with severe complications, whereas 
only the RENAL and c-index scoring systems corre- 
lated significantly with operating time. The c-indices 
for on-clamp excision for the RENAL, PADUA, c-in- 
dex, and NephRO models were 0.71, 0.71, 0.71, and 
0.72, respectively. For the same groups, the c- 
indices for prediction of opening of the collecting 
system were 0.63, 0.64, 0.66, and 0.72, respectively. 


POSTOPERATIVE SETTING 
Predicting Cancer-specific Mortality/Overall 
Survival 


Although the 5-year overall survival of patients with 
localized disease treated with surgery is more than 
90%, up to 40% of patients recur (Table 2),°° 
Several models have been developed for the pur- 
pose of predicting cancer-specific mortality and/ 
or overall mortality in patients with RCC treated 
with a nephrectomy. These estimates may help 
define appropriate surveillance intervals and plans. 

Initially, the University of California-Los Angeles 
Integrated Staging System (UISS) proposed the 
stratification of patients into low-risk, intermedi- 
ate-risk, and high-risk groups based on the TNM 
(tumor, node, metastasis), Fuhrman grade, and 
Eastern Cooperative Oncology Group (ECOG) per- 
formance status parameters for metastatic and 
nonmetastatic RCC.*°:°° The proposed risk groups 
underwent an external validation by an indepen- 
dent group of investigators under a multicenter 
collaborative that encompassed 4202 patients 
(TNM stage |, 39%).°' The findings revealed that 
although the 3 risk groups were able to stratify 
the risk of death in both metastatic and nonmeta- 
static patient groups, the model performed signifi- 
cantly better in patients with localized disease 
versus metastatic disease (c-index, 0.81 vs 0.65). 


Another useful prognostic tool is the model based 
on tumor stage, tumor size, tumor grade, and tumor 
necrosis (SSIGN score) initially developed based 
on 1801 patients with RCC treated with nephrec- 
tomy at single institution between 1970 and 1998 
(pT1, 44%). The model showed moderate discrimi- 
natory properties for prediction of cancer-specific 
mortality (c-index, 0.84).°? The model recently 
underwent an external validation in a more contem- 
porary set of patients (n = 3600; pT1a, 29%), and 
also included patients treated with partial nephrec- 
tomy (c-indices, 0.82-0.84).°° 

Karakiewicz and colleagues‘ also developed a 
cancer-specific survival nomogram based on a 
development cohort of 2530 patients with RCC 
of all stages and externally validated the model 
among 1422 patients (T1, 47% in the development 
cohort and 62% in the validation cohort). Following 
backward variable selection model, only the TNM, 
tumor size, Fuhrman grade, and symptoms classi- 
fication remained in the model. The c-indices of 
the final model for prediction of cancer-specific 
survival at 1, 2, 5, and 10 years were 0.88, 0.89, 
0.87, and 0.89, respectively. 

In addition, a multicenter collaboration [Collabo- 
rative Research of Renal Neoplasms Association 
(CORONA)//Surveillance and Treatment update 
renal neoplasms (SATURN) project]°° recently pro- 
posed a novel risk model for prediction of cancer- 
specific mortality after nephrectomy based on 
5009 patients (pT1a, 41%), and includes age at 
surgery, gender, histologic subtype (clear cell, 
non-clear cell), lymphovascular invasion, Fuhrman 
grade (I-Il, III-IV), pathologic tumor stage (pT 1a, 
pTib, pT2a, pT2b, pT3a, pT3b, pT3c, pT4), and 
pathologic nodal stage (pNO/x, pN1). The model 
showed model discrimination (c-index, 0.78) and 
awaits an external validation. 


Predicting Recurrence 


Kattan and colleagues” first proposed a postoper- 
ative nomogram for prediction of treatment failure, 
and included patient symptoms (incidental, local, 
systemic), histology (chromophobe, papillary, clear 
cell), tumor size, and pathologic tumor stage based 
on the 1997 American Joint Committee on Cancer 
(AJCC)/TNM version (pT1, pT2, pT3a, pT3b/c), and 
was developed on 601 patients with RCC who un- 
derwent a nephrectomy at a single institution (pT1, 
58%).°° Overall, 11% of patients recurred after 
surgery. The nomogram showed modest predic- 
tive accuracy (c-index, 0.74). 

Leibovich and colleagues’ proposed a stratifi- 
cation tool to identify patients at risk of progression 
after radical nephrectomy. Based on 1671 individ- 
uals with clinically localized RCC treated with 
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surgery at their institution between 1970 and 
2000 (pT1a, 23%), the investigators identified fac- 
tors that were significantly associated with pro- 
gression to metastases: pathologic tumor stage 
(pT1a, pT1b, pT2, pT3a, pT3b, pT3c, pT4), regional 
lymph node status (pNx, pNO, pN1, pN2), tumor 
size (<10, >10 cm), nuclear grade (1, 2, 3, 4), and 
histologic tumor necrosis (c-index, 0.81). 

Sorbellini and colleagues? then updated the 
Kattan and colleagues°® nomogram using tumor 
size, pT stage based on the 2002 AJCC/TNM 
version (pT1a, pT1b, pT2, pT3a, pT3b), Fuhrman 
grade (l, Il, Ill, IV), tumor necrosis, vascular inva- 
sion, and symptoms at presentation (incidental, 
localized, systemic) among 701 patients (pT1a, 
40%) treated at their institution between 1989 
and 2002 (c-index, 0.82). 

The most recent risk model was developed for 
the purpose of identifying individuals at risk of 
late recurrences (>5 years) after nephrectomy. 
Brookman-May and colleagues°® developed the 
PRELANE (Prediction of Recurrence with Late 
Development After Nephrectomy in Renal Cell Car- 
cinoma Patients) score, which includes age at 
surgery, gender, histologic subtype (clear cell, 
non-clear cell), lymphovascular invasion, Fuhrman 
grade (ll, II—IV), pathologic tumor stage 
(pT1, >pT1), and pathologic nodal stage (pNO/x, 
pN1). The model stratifies patients into 3 risk groups: 
low (0 points), intermediate (1-3 points), and high (4- 
5 points), and was found to have adequate discrim- 
ination in internal validation (c-index, 0.70). 


Predicting High-risk Renal Cell Carcinoma for 
Adjuvant Therapy 


Recently, results from the S-TRAC, a randomized, 
double-blind, phase Ill trial that assessed the effi- 
cacy of sunitinib versus placebo in 615 patients 
with locoregional/high-risk clear cell RCC showed 
that disease-free survival was significantly better 
for the targeted therapy group relative to placebo 
(HR, 0.76; 95% Cl, 0.59-0.98; P = .03).° The only 
other trial that also showed a significant improve- 
ment in disease progression for patients treated 
with adjuvant therapy following a nephrectomy 
was the comparison between autologous renal tu- 
mor cell vaccine versus no adjuvant treatment 
group (HR, 1.58; 95% Cl, 1.05-2.37; P = .02),°° 
Other trials are either still ongoing or have not 
found a significant benefit in administering adju- 
vant targeted therapies in patients with high-risk 
disease following a nephrectomy.°°:*' 

The common criticism of the aforementioned tri- 
als is that all trials applied different risk inclusion 
criteria to determine eligibility. This difference re- 
sults in a variable population that would otherwise 
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Table 2 
Risk assessment models developed for patients with renal cell carcinoma used in the postoperative setting 


Study, Year End Points Risk Factors c-Index Intervention Sample Size? 
Predicting Cancer-specific Mortality or Overall Mortality 


Zisman et al? (single 
institution), 2001 


Overall survival at 2 and 


5y 


1997 TNM stage, Fuhrman 
grade, ECOG 


Not reported Nephrectomy 661 


performance status 


Zisman et al® (single 


Cancer-specific morta 


ity 1997 TNM stage, Fuhrman Nonmetastatic, 0.81; Nephrectomy Nonmetastatic, 468; 


institution), 2002 at 5 y for nonmetastatic grade, ECOG metastatic, 0.65" nodal/distant 
and metastatic patients performance status metastatic, 346 


Frank et al°* (single 
institution), 2002 


Cancer-specific morta 
at 1, 3, 5, 7, and 10 


ity pTstage, pN stage, pM 0.84 Nephrectomy 1801 (pT1: 44%) 
y stage, tumor size, 
nuclear grade, and 


tumor necrosis 


Karakiewicz et al°* 
(multi-institution), 
2007 


Cancer-specific morta 
at 1, 2, 5, and 10 y 


Validation: 0.88, 0.89, 
0.87, and 0.89 at 1, 2, 5, 
and 10 y, respectively 


Nephrectomy Development cohort, 
2530 (T1: 47%); 
validation cohort, 1377 
(T1: 62%) 


ity TNM, tumor size, 
Fuhrman grade, 
symptoms classification 


Brookman-May et al°? 
(multi-institution), 
2013 


Cancer-specific morta 


ity Age at surgery, gender, 0.78 Nephrectomy 5009 (pT1a: 41%) 
histologic subtype, 

lymphovascular 

invasion, Fuhrman 

grade, pT stage, pN 


stage 


86L 


je ya uns 


Predicting Recurrence 
Kattan et al°° (single Disease recurrence (or Patient symptoms, 0.74 Nephrectomy 601 (pT1: 58%) 
institution), 2001 death from disease) histologic subtype, 
tumor size, 1997 pT 


stage 


Leibovich et al°* (single Metastasis progression pT stage, pN stage, tumor 0.81 Nephrectomy 1671 (pT1a: 23%) 
institution), 2002 size, nuclear grade, and 
tumor necrosis 
Sorbellini et al°® (single Disease recurrence (or Tumor size, 2002 pTstage, 0.82 Nephrectomy 701 (pT1a: 40%) 
institution), 2005 death from disease) Fuhrman grade, tumor 


necrosis, lymphovascular 
invasion, symptoms at 
presentation 


Brookman-May et al® Late recurrence (>5 y) Age at surgery, gender, 0.70 Nephrectomy 5009 (pT1a: 41%) 
(multi-institution), histologic subtype, 
2013 lymphovascular 


invasion, Fuhrman 
grade, pT stage, pN 
stage 


Abbreviations: ECOG, Eastern Cooperative Oncology Group; TNM, tumor, node, metastasis. 
a In parentheses, when available, the proportion of patients with T1 or T1a RCC. 
b Not reported in original article, taken from a subsequent publication by Patard and colleagues.°' 
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be selected, or not selected, to participate in such 
trials. For example, Kim and colleagues®? hypo- 
thetically applied various inclusion criteria of the 
adjuvant cG250 treatment versus placebo in pa- 
tients with clear cell RCC and high risk of recur- 
rence (ARISER), sunitinib malate or sorafenib 
tosylate in treatment patients with kidney cancer 
that was removed by surgery (ASSURE), everoli- 
mus for renal cancer ensuing surgical therapy 
(EVEREST), pazopanib as an adjuvant treatment 
for localized renal cell carcinoma (PROTECT), sor- 
afenib in treating patients at risk of relapse after 
undergoing surgery to remove kidney cancer 
(SORCE), and sunitinib as adjuvant treatment for 
patients at high risk of recurrence of renal cell 
carcinoma following nephrectomy (S-TRAC) trials 
onto patients treated at their institution 
(n = 1363) and found that respectively 41%, 
45%, 45%, 33%, 47%, and 23% of patients would 
have been eligible. In that same study, they also 
tested the predictive accuracy of the variable in- 
clusion criteria in discriminating disease progres- 
sion. The c-indices were highly comparable 
across all models (range, 0.69-0.75). However, 
the degree of false-positive (ie, patients who met 
the inclusion criteria but who did not experience 
a disease progression: 41%-57%) and false- 
negative (ie, patients who did not meet the 
inclusion criteria but who experienced a disease 
progression: 6%-18%) varied and was non- 
negligible among trials. 


SUMMARY 


Given the lower-stage migration of RCC, the quan- 
tification of risk has become an important part of 
patient counseling and treatment decision making. 
It is important to recognize the necessity of esti- 
mating the benefits of active treatment relative to 
its harms in the context of competing mortality. 
Given the increased knowledge of renal function 
preservation and cardiovascular-related morbidity 
associated with chronic kidney disease, many 
clinicians have recommended nephron-sparing 
surgery instead of the previous gold standard of 
radical nephrectomy, when technically feasible. 
To that end, several nephrometry scoring algo- 
rithms were developed to assess tumor com- 
plexity amenable to a partial nephrectomy. 
Evidence shows that the performance of the 
most commonly used tools seem comparable. 
However, little is known about how widely these 
tools are being used in routine clinical practice. 
Although the prognosis of patients with localized 
RCC has improved over time, likely because of 
earlier detection, 4 out of 10 patients recur after sur- 
gery. Hence, the early identification of patients who 


are at higher risk of developing disease progression 
is vital. Several models have been developed for 
prediction of oncologic outcomes in such individ- 
uals. Furthermore, these models have been applied 
in different ongoing/completed clinical trials testing 
the efficacy of administering adjuvant treatment in 
these patients. The pooled analysis of the efficacy 
of adjuvant treatment will not be available until all 
trials have been completed, but there is a recurring 
criticism that relates to the varied inclusion criteria 
of these trials, making it difficult for the urologic 
and oncologic community to optimally define 
what constitutes a high-risk patient. 
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KEY POINTS 


[Renal mass biopsy is safe but not devoid of complications. 

[Renal mass biopsy is accurate in differentiating benign versus malignant tumors. 

[Renal mass biopsy is imperfect for determination of tumor grade. 

[Future efforts to improve renal mass biopsy results must overcome issues with tumor heterogeneity. 


INTRODUCTION 


Kidney cancer is diagnosed in more than 60,000 
new patients in the United States each year and 
is the cause of more than 13,000 deaths.':? The 
treatment of renal masses has evolved over the 
years from radical extirpative surgery, to minimally 
invasive organ-sparing approaches, to active 
surveillance (AS) in appropriate patients.°* Yet, 
issues with overtreatment abound. Studies sug- 
gest that 5000 benign renal masses are resected 
annually,° although many patients with proven ma- 
lignancy are destined to die of other causes.° 
The use of pretreatment renal mass biopsy 
(RMB) has subsequently become more com- 
mon,”® but its appropriate use continues to be 
debated.“ In this article, the authors review 
and discuss the relevant contemporary urologic 
literature on RMB. 


RENAL MASS BIOPSY TECHNIQUE 


Tissue diagnosis of renal tumors can be per- 
formed by either fine-needle aspiration (FNA) 
or core biopsy (CB)*'':'? under image guidance 
(ultrasound, computerized tomography, or MRI). 


Current data suggest that FNA is inferior in its 
diagnostic abilities to CB.'''* Survey studies 
have shown that most practicing urologists pre- 
fer CB to FNA"*; however, use of FNA seems to 
still be commonplace.''! Unlike sampling with 
FNA, the cores obtained with CB allow for tissue 
architecture assessment. '* Indeed a recent sys- 
temic review and meta-analysis of the available 
data demonstrate that both sensitivity (99.1% 
vs 93.2%) and specificity (99.7% vs 89.8%) 
for the diagnosis of malignancy are superior 
with CB than with FNA."' Differentiation between 
tumor subtype and high versus low tumor 
grade is also superior with CB.'''® Some 
institutions use both techniques concurrently to 
improve diagnostic yield and to assist in 
improved needle placement for CB, once guide 
sheath placement is confirmed with FNA.‘° 
However, some investigators maintain that the 
added utility of FNA is minimal'®; this is under- 
scored by current guideline recommendations. 
For instance, the current European Association 
of Urology’s guidelines state “Needle core bi- 
opsies are preferable for solid renal masses in 
comparison with fine needle aspiration (Level of 
Evidence 2b).”* 
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SAFETY 


In the past, safety was a significant deterrent to 
widespread adoption of RMB. However, recent re- 
ports on RMB highlight its low morbidity. In a sys- 
tematic review on RMB safety including 2979 
patients, Patel and colleagues? reported that the 
most common complications were hematoma 
(4.9%) and pain (1.2% ). Gross hematuria (1.0%), 
bleeding (0.4%), and pneumothorax (0.6% ) were 
very rare. No events of tumor seeding were docu- 
mented in this study. In another systematic review, 
which included 37 studies, 22 series reported at 
least one complication. The median complication 
rate was 8.1%, but only 3 cases of Clavien-Dindo 
grade 2 or greater complications were indexed. 
Again, the most common complication was hema- 
toma (median 4.3%). Blood transfusion was re- 
ported in only 3 studies with a median of 0.7% of 
cases. Other complications were self-limiting he- 
maturia (median 3.1%) and pain (median 3.0%). 
One case of urothelial tumor seeding was docu- 
mented radiographically. However, on final patho- 
logic examination this was not verified.'’ Richard 
and colleagues'® reported data from a prospec- 
tively maintained largest single dataset of RMB 
from Princess Margaret Cancer Center and the 
University of Toronto of 509 patients who under- 
went 529 RMBs. Adverse events (AEs; n 5 48) 
were carefully prospectively indexed and reported 
in 42 patients (8.5%). The most common AEs 
(75%) were perirenal hematoma discovered on 
postprocedure imaging and bleeding from the 
puncture sites. All AEs were clinically insignificant 
(Clavian grade 1) except for one patient requiring 
angioembolization. In this cohort of largely low- 
risk lesions, biopsy tract seeding was not identi- 
fied. Prince and colleagues'’ described a similar 
AE profile. The investigators reported the results 
of 565 RMBs and identified only a single Clavian 
3a AE (need for angioembolization). Three addi- 
tional patients required blood transfusion due to 
bleeding. Older series reveal a much higher 
complication rate. The most common complica- 
tion of RMB was hematoma, which may be identi- 
fied in up to 91% of RMBs if postprocedure 
imaging is performed. Most of these cases are 
asymptomatic, and bleeding requiring blood 
transfusion occurred in only 0% to 5% of cases. '® 
The most feared complication of RMB is tumor 
seeding in the biopsy tract. This complication 
was described in less than 0.01% of RMBs‘*1° 
and is considered anecdotal. However, in recent 
years, 5 case reports on tumor seeding after 
RMB were published. All cases were renal cell car- 
cinomas (RCCs) (2 clear cell, 3 type-1 papillary). 
Three of the 4 cases were performed with a coaxial 


sheath.2°-2° These data highlight that serious long- 
term risks of RMB are extremely small but do exist. 


DIAGNOSTIC VALUE 
Nondiagnostic Versus Diagnostic Biopsy 


Nondiagnostic biopsy rates are an important issue 
when interpreting RMB literature. Reasons for 
nondiagnostic RMB include sampling error and 
insufficient tissue for pathologic evaluation.'’ 
Rates of nondiagnostic biopsies range between 
0% and 47% in various series.2'*:2*-2° This wide 
range may be due to different definitions of non- 
diagnostic between studies and on expertise and 
techniques used at various institutions.” Marconi 
and colleagues'' have demonstrated an overall 
nondiagnostic rate of 8% (CB 0%-22% and FNA 
0%-32%) in a meta-analysis of RMB studies. 
Furthermore, Jeon and colleagues? retrospec- 
tively analyzed the results of 442 RMBs and found 
an overall nondiagnostic rate of 11.1% . Of interest, 
as expected, is the fact that the nondiagnostic rate 
of RMB of cystic lesions was significantly higher 
compared with solid tumor (25.0% vs 10.4 respec- 
tively, P 5 .043). Another retrospective analysis 
by Prince and colleagues” demonstrated similar 
nondiagnostic rates of RMB (14.7%). However, 
the nondiagnostic rate was higher for cystic 
masses (39.8%), nonenhancing or weakly 
enhancing masses (42.1%), and skin to tumor dis- 
tance longer than 13 cm (26.9%). Small renal 
masses (SRMs) (defined as less than 4 cm in all, 
but one study whereby a cutoff of 5 cm was 
used) had a slightly higher nondiagnostic rate of 
RMB (17.4%). The fact that the performing physi- 
cian or evaluating pathologist experience had no 
impact on the rates of nondiagnostic RMB is note- 
worthy. The largest single-center series to date 
was published by Richard and colleagues'° and 
described the results of more than 500 RMBs. 
The nondiagnostic rate in this series was 10% 
and decreased to 6% after a repeat biopsy. On 
multivariable analysis, RMB of an endophytic tu- 
mor had a 3-fold higher chance of returning a non- 
diagnostic result than an RMB of its exophytic 
counterpart. 


Value of Repeat Biopsy 


One clinical strategy to manage nondiagnostic 
RMB is to perform a repeat biopsy. A wide varia- 
tion in utilization of repeat RMB was reported in 
a recent meta-analysis whereby it was performed 
only for 20.4% of patients with primary nondiag- 
nostic RMB.* Jeon and colleagues° retrospec- 
tively analyzed institutional data on RMB and 
found a similar rate of repeat biopsies for 
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nondiagnostic primary RMB (22.4% ). All repeat bi- 
opsies were diagnostic in this series. Prince and 
colleagues” reported that repeat biopsies were 
performed in 28.9% of patients with nondiagnostic 
RMB, yielding a 79.2% rate of subsequent diag- 
nosis. Finally, Richard and colleagues'® reported 
the highest utilization of repeat biopsy.'° The in- 
vestigators reported that a repeat biopsy was per- 
formed in 45% of cases with a nondiagnostic 
primary RMB. The diagnostic rate of repeat biopsy 
was 83%. Therefore, available literature supports 
the notion of performing a second biopsy after a 
nondiagnostic primary RMB, as it increases the 
diagnostic rates and poses little risk.4'7:2° 


Differentiation Between Benign Versus 
Malignant Masses 


The primary objective of any biopsy is to inform the 
clinician and patient regarding whether the tumor 
is malignant or benign. Excellent sensitivity and 
specificity of RMB for malignant detection were 
recently reported in 2 large meta-analyses 
97.5% 99.7% and 96.2% -99.1%).*""" In addition, 
other studies report that sensitivity and specificity 
for the diagnosis of malignancy are 86% to 100% 
and 100%, respectively.”'°'%?° In the most 
recent meta-analysis on the accuracy of percuta- 
neous RMB, Marconi and colleagues"' included 
17 studies on CB and 18 studies on FNA with a 
similar number of patients (1119 and 1178, 
respectively), demonstrating higher sensitivity 
(99.1% vs 93.2%) and specificity (99.7% vs 
89.8% ) for CB compared with FNA. In sum, biolog- 
ical concordance ranges between 92.7% and 
100% 27:16.25.26 in contemporary series. 

Biopsy characteristics for select biopsies of 
cystic lesions (sensitivity 83.6% vs 99.1%, speci- 
ficity 98.0% vs 99.7%, respectively) are signifi- 
cantly inferior compared with solid masses.® 11 

Clinical concerns regarding benign results of 
RMB are raised because of coexistence of malig- 
nant and benign components within a single tu- 
mor. The reported incidence of such hybrid 
tumors ranges between 2% and 32% in the En- 
glish literature.”°°-°* However, many reports 
include patients with multifocal tumors and/or ge- 
netic syndromes. In a seminal report, Kavoussi 
and colleagues*’ reported on a cohort of patients 
with 277 oncocytomas with synchronous contra- 
lateral RCCs. This group included only 6 (2%) 
hybrid tumors. More recently, Ginzburg and 
colleagues*° documented that 2.7% of patients 
with a solitary renal mass who underwent 
extirpative renal surgery for a renal mass 
that contained at least some benign tissue 
harbor a coexisting malignant component. Only 


oncocytomas were associated with the presence 
of hybrid malignancy in this cohort. Thus, 4.2% of 
solitary oncocytomas contained chromophobe 
RCC components. On the other hand, Waldert 
and colleagues** and Licht and colleagues** 
found the incidence of hybrid tumors to be 
much higher (17.6% and 32.0%, respectively).°° 
This wide discrepancy between reports stems 
from pathologic definition malignancy within a 
hybrid tumor. Although some studies used immu- 
nohistochemistry concomitantly with hematoxylin 
and eosin microscopy, others used cytokeratin 7 
staining only when microscopy was equivocal.°° 
Importantly, it seems that chromophobe compo- 
nents in hybrid tumors differ from chromophobe 
RCC itself. For instance, Pote and colleagues*° 
performed immunohistochemistry (IHC) and cyto- 
genetic analysis on 12 hybrid tumors. The genetic 
profile of hybrid tumors, examined by compara- 
tive genomic hybridization, was distinct from 
chromophobe RCC and similar to oncocytomas. 

Indeed, although most hybrid tumors are 
composed of low-malignant-potential malignant 
components (eg, chromophobe RCC), the natural 
history of these lesions is not well understood 
and isolated cases of hybrid tumors with high- 
grade malignant components have been in the 
literature.°”°° 


Histologic Subtype Diagnosis 


Histologic subtype of RCC is a driver of clinical 
behavior.°°4° As such, histologic tumor subtype 
identification at times can yield clinically relevant 
information. Concordance between tumor sub- 
type on RMB and final pathology is well 
described.>1141—4 Sofikerim and colleagues’? 
prospectively compared the accuracy of RMB in 
predicting tumor subtype in 41 patients who un- 
derwent biopsy followed by surgical resection, 
reporting an accuracy of only 77.5%. Similarly, 
Blumenfeld and colleagues** revealed a concor- 
dance rate of 88%. Accuracy was highest (97%) 
for clear cell RCC, whereas the concordance of bi- 
opsy and final pathology was poor for chromo- 
phobe RCC (0%, 3 clear cell RCCs were 
identified as chromophobe ion preoperative 
RMB). On the other hand, Millet and colleagues‘? 
found 100% concordance between RMB and final 
pathology. Most studies are plagued by small 
sample sizes and varying methodologies. In the 
largest series to date, Richard and colleagues'® 
reported a 93% concordance rate with clear cell, 
chromophobe, and papillary RCC correctly identi- 
fied in 99%, 100%, and 91%, respectively. Two 
meta-analyses reported high concordance rates 
91%-96% )*'"' for subtype identification. 
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Nuclear Grade Identification 


Once malignancy is identified, accurate determi- 
nation of tumor grade is extremely desirable as 
reliable tumor aggressiveness assessment is clin- 
ically valuable and actionable.*° Unfortunately, 
concordance of nuclear grade (NG) between 
RMB and final pathology ranges between 31.0% 
and 87.5% **:*°4” when using a 4-tier 1 through 4 
Fuhrman grading system. Some investigators 
have reported that test characteristics can be 
improved to 58% to 94% '°4248 when using a 
2-tier system. For example, Millet and col- 
leagues** found 75% and 93% concordance rates 
when using the 4- and 2-tier systems, respectively. 
In addition, in the largest single-institutions series, 
Richard and colleagues‘ reported 63% concor- 
dance for NG using the 4-tier system. Most of 
the discordant cases were undergraded by RMB. 
However, when using the 2-tier system, a 
concordance rate of 94% was achieved. Albeit 
such an RMB/final pathology concordance rate is 
extremely robust, generalizability of these data is 
unclear because the high-tumor-grade concor- 
dance rate in this series seems to stem from high 
prevalence of low-grade pathology. Specifically, 
of the 101 patients with clear cell RCC who under- 
went both biopsy and surgery in this institution’s 
cohort, only 14 (13.9%) were diagnosed with 
high-grade pathology. Indeed, 6 (45%) out of 
these 14 patients were undergraded as low- 
grade disease by RMB, resulting in sensitivity of 
only 57% (95% confidence interval, 29.6-81.2) 
for diagnosis of high-grade disease.'® Recent 
meta-analysis of RMB series reported a concor- 
dance rate of 62.5% and 87.0% for the 4- 
tier and 2-tier grading systems, respectively. 
Similar results were documented when only pa- 
tients with SRM were included into the meta- 
analysis. 1 

Tumor heterogeneity (TH) seems to play a central 
role in undermining test characteristics of RMB. TH 
is defined as presence of more than one of 4 nuclear 
grades in the specimen and has been reported 
in 25.0% to 81.3% of tumors~”*? with higher rates 
in high-grade tumors (93.8%).*° Gerlinger and 
colleagues,°° in a seminal report documenting 
genomic heterogeneity of RCC, attempted to iden- 
tify the optimal number of biopsy cores needed to 
reliably detect most nonsynonymous somatic mu- 
tations in a tumor. The investigators computed the 
number of mutations detected from an increasing 
number of biopsy cores taken from each tumor 
and intuitively reported that increasing the number 
of cores caused an increase in the number of muta- 
tions detected. These findings underscore the chal- 
lenges of sampling a single tumor site with 


RMB.°°:°' Therefore, the possibility of undergrad- 
ing on RMB must be integrated into critical clinical 
decision-making. 


CLINICAL UTILITY 


Clinical utility of RMB remains a matter of debate. 
Some experts have proposed that renal biopsy 
should be performed for all-comers. 16:29:52? How- 
ever, others submit that utility of biopsy pivots on 
whether results are clinically actionable. In a 
recent editorial, a multi-institutional group of inves- 
tigators outlined limitations of ubiquitous renal bi- 
opsy use. The investigators argued that patients 
who are to enroll into an AS protocol regardless 
of a tumor’s histology stand to benefit little from 
moving forward with a biopsy. Indeed, biopsy risks 
for some of such frail/elderly patients may be 
nontrivial given the need to stop anticoagulation 
and/or antiplatelet agents. Furthermore, whether 
biopsy results improve or worsen illness uncer- 
tainty metrics in this patient population remains 
to be determined.” Meanwhile, patients with 
long life expectancy may not tolerate inherent un- 
certainties and surveillance commitments associ- 
ated with benign biopsy results. Therefore, 
identifying clinical scenarios whereby a renal bi- 
opsy will tip the therapeutic scales and help with 
critical clinical decision-making remains in the pur- 
view of each patient and clinician’s judgment 
(Fig. 1). 


Future Directions 


Future improvement to renal biopsy is likely to 
overcome current concerns regarding its utility. 
Several technologic and biologic advancements 
in the last few years have aimed at improving the 
accuracy of RMB by overcoming issues with tu- 
mor heterogeneity. 


MULTI-QUADRANT BIOPSY 


Multi-quadrant biopsies may improve the accu- 
racy of RMB. Indeed, increasing the number of 
cores obtained during RMB improves the accu- 
racy for malignancy, subtype, and grade detec- 
tion.'>°' However, the effect of sampling at 
different areas of the tumor was not investigated 
in real-world clinical practice until recently. Abel 
and colleagues evaluated the accuracy and 
safety of multi-quadrant RMB (mqB) whereby at 
least 4 different solid areas of the tumor were 
sampled. All patients had cT2 renal masses with 
a median size of 10 cm (interquartile range [IQR] 
8-12). Low grade (LG) and high grade (HG) disease 
were found in 55.2% and 39.6% of cases. The in- 
vestigators compared the results of 76 mqBs with 
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Fig. 1. Critical clinical decision-making before renal biopsy. è Long-term observation of benign lesions must bal- 
ance benefit of forgoing treatment against need for indefinite follow-up, lack of robust long-term safety data for 
observation of oncocytoma, and existence of hybrid malignancy. ° Knowledge of histology may improve illness 
uncertainty and quality-of life metricsin ASpatientswith a benign biopsy result, but impact on these metricsof a 
biopsy that returnsa malignant result isunknown. ° Risksof biopsy are small; however, impact of biopsy on future 
surgery (especially if a bleed occurs) isnot defined. (From Kutikov A, Snaldone MC, Uzzo RG, et al. Renal mass 
biopsy: always, sometimes, or never? Eur Urol 2016;70:404; with permission.) 


46 standard RMBs (sBs). The mqB was used more 
often for patients with clinical stage 3 tumors, 
whereas sB was used more often in patients with 
clinical stage 4 tumors. The nondiagnostic rate 
was 10.9% and 0% for sB and mqB, respectively 
(P 5 .006). The concordance rate for tumor sub- 
type and nuclear grade was similar between the 
2 techniques. However, the sensitivity of mqB for 
identification of sarcomatoid features was signifi- 
cantly higher compared with sB (86.7% vs 
25.0%, P 5 .0062). Importantly, the complication 
rate in this cohort of large tumor was not signifi- 
cantly different between the RMB methods. The 
mqB method seems to address some of the disad- 
vantages of sB and should be further investigated 
with a larger number of patients and better con- 
trols. It is still unclear whether the mqB strategy 
is generalizable to patients with SRMs. 


Genetic and Molecular Profiling 


Molecular and genetic signature profiling of RMB 
specimens has the potential to provide clinically 
actionable information that can help drive treat- 
ment decisions. Several molecular markers have 
been identified recently that predict RCC prog- 
nosis (eg, lactate dehydrogenase, CpG methyl- 
ation, and alpha-enolase).°°-°° In an analysis of 
170 patients who underwent nephrectomy for 


RCC, markers related to the hypoxia-inducible 
factor and mammalian target of rapamycin path- 
ways were analyzed; the expression of Ki-67, 
p53, endothelial vascular endothelial growth factor 
receptor 1 (VEGFR-1), epithelial VEGFR-1, and 
epithelial VEGF-D were independent predictors 
of disease-free survival. A nomogram combining 
the aforementioned molecular markers with clin- 
ical and pathologic variables yielded a prognostic 
accuracy of 90%.°° Recently, Zhou and col- 
leagues®' examined the presence of vascular 
mimicry (VM) in 387 nephrectomy specimens. 
The investigators found that VM conferred a 
detrimental effect on disease recurrence mainly 
in patients with low-grade tumors and low- to 
intermediate-risk disease, according to the Leibo- 
vich nomogram. These results hint at the possibil- 
ity of better risk stratifying patients who would be 
defined as low risk on RMB alone. 

Hakimi and colleagues hypothesized that recur- 
rent cancer gene mutations (eg, P53, BAP1) and 
gene copy number alterations (eg, MYC, CDKN2A) 
could improve the predictive accuracy of clinical 
prognostic models for clear cell RCC (ccRCC). 
The investigators used data obtained through 
The Cancer Genome Atlas project; however, after 
adjusting for multiple comparisons, the genetic 
markers failed to improve the predictive accuracy 
of models that incorporated tumor stage, size, 
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grade, and necrosis.°*°* Similar to Gerlinger and 
colleagues,°° Sankin and colleagues®* demon- 
strated on 47 ex vivo RMB specimens that gene 
mutations can be detected in one region of a tu- 
mor that are not detected in adjacent regions. 
The probability of detecting a mutation increases 
with each successive sampling site within a pri- 
mary renal tumor. In contrast to Gerlinger and col- 
leagues,°° this probability achieves a plateau after 
4 to 5 cores. The studies described earlier suggest 
that single-site assessment of prognostic genetic 
mutations is unlikely to reflect the heterogeneous 
nature of kidney cancer, which presents a chal- 
lenge for RMB. Nevertheless, the use of molecular 
and genetic markers is highly promising in the 
RMB space.® Yet, further prospective work is 
needed. 


Liquid Biopsy 


Circulating tumor cells (CTCs) may play an 
increasing role in diagnosis and risk stratification 
of kidney cancer in the upcoming years. It is 
known that RCC DNA can be found in peripheral 
blood of patients in 30% to 92% of cases. Further- 
more, the presence of CTCs seems to be an 
independent prognostic factor for predicting non- 
localized disease, such as lymph node inva- 
sion.®6” Blumke and colleagues®® tested 214 
patients with RCC before and after nephrectomy 
or during adjuvant immunotherapy for the pres- 
ence of CTCs. CTCs were found in 37% of pa- 
tients. A correlation between CTC occurrence 
and advanced tumor stage was observed. Pro- 
gressive disease and death within 2 years were 
observed in 62% of the CTC-positive patients. 
The investigators concluded that the presence 
and quantity of CTCs seem to be associated with 
a more aggressive tumor phenotype. Nel and col- 
leagues®® recently developed a novel method of 
identifying CTCs in peripheral blood of patients 
with metastatic RCC. The investigators found 
that presence of CTCs and the CTC count were 
associated with inferior treatment response and 
worse progression-free survival. Therefore, im- 
provements in detection and characterization of 
CTCs together with large validation studies may 
lead to refinement of clinical management of pa- 
tients with renal cancer. 


Optical Diagnosis 


Optical coherence tomography (OCT) is a high- 
resolution interferometric technique that explores 
the tissue’s specific optical properties. Recently, 
a small fiber optic OCT probe was developed 
and enabled OCT to be used for endobronchial, 
intravascular, and percutaneous applications.’° 


Wagstaff and colleagues’ used this needle- 
based OCT probe to measure the attenuation co- 
efficient (AC; signal intensity loss per millimeter 
of tissue penetration) of 40 renal masses that un- 
derwent RMB (4 oncocytomas, 36 RCC). Median 
AC of oncocytoma (3.38 mm“, IQR 2.77-4.20) 
was significantly lower than the median AC of 
RCC (4.37 mm, IQR 4.17-4.96, P 5 .043). 
Despite the small sample size these result are 
promising, and future technological developments 
may be forthcoming. Barwari and colleagues” 
performed in vivo OCT measurements on normal 
renal tissue and tumors during renal surgery and 
compared the AC of both types of tissue. The AC 
of normal renal parenchyma differed significantly 
from malignant tumor (P<.001). 

Finally, Raman spectroscopy (RS) has also 
been used in the diagnosis of renal tumors. Ben- 
salah and colleagues’* examined 34 malignant 
and 2 benign renal tumors with RS and compared 
them with normal parenchyma measurements. 
Using a machine learning algorithm (Support vec- 
tor machine), the investigators achieved an accu- 
racy of 84% in the differentiation between normal 
and neoplastic tissue. Furthermore, the identifi- 
cation of NG and histologic subtypes was accu- 
rate in 82% and 93% of cases, respectively. ”? 
Couapel and colleagues”? used RS to evaluate 
53 malignant and 7 benign renal tumors. The ac- 
curacy achieved by this algorithm was 96%. In 
addition, RS was able to differentiate between 
different histologic subtypes with precision rates 
of 80%.’° Thus, although the application of RS 
and OCT technology is still in its infancy, these 
techniques may become clinically valuable in 
the future. 


SUMMARY 


In summary, RMB is a safe clinical tool. The high- 
est clinical utility of RMB is its ability to differentiate 
between benign and malignant tumors. Currently, 
high-fidelity differentiation between high- and 
low-grade disease remains challenging. Identifica- 
tion of patients who stand to benefit most from 
RMB remains an individualized clinical decision. 
Additional work is needed to overcome challenges 
associated with renal tumor heterogeneity, thus 
improving accuracy of RMB. 
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KEY POINTS 


e A period of initial active surveillance to determine tumor growth kinetics in patients with small renal 


masses and significant competing risks is safe. 


e Tumor growth rate is the primary driver for delayed intervention in patients managed initially with 


active surveillance. 


e Competing risks to mortality should be considered when determining the appropriate initial man- 
agement strategy for patients presenting with a newly diagnosed small renal mass. 
e The risk of metastasis for carefully followed, adherent patients on active surveillance for SRMs is 


1% to 2% at a median of 2 years follow-up. 


INTRODUCTION 


Renal cell carcinoma (RCC) is among the 10 most 
common cancers in women and men with an esti- 
mated 62,700 new cases and 14,240 deaths ex- 
pected in 2016.' Due in part to increasing 
utilization of cross-sectional imaging, the inci- 
dence of small renal masses (SRMs; defined as 
maximum tumor diameter less than 4 cm) is 
increasing.* SRMs represent a range of histologic 
entities from benign to malignant; approximately 
15% to 20% are benign and 20% to 25% are 
considered to be potentially biologically aggres- 
sive. Most, however, are of intermediate risk; that 
is, they are histologically malignant but are of un- 
certain clinical risk.*° Given this uncertainty, 
active surveillance (AS) has been proposed as an 
initial management strategy in appropriately 
selected patients who either prefer a noninterven- 
tional strategy or for whom intervention is prohibi- 
tive because of competing risks.® In this review, 
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we summarize the published literature examining 
the AS of SRMs with an emphasis on tumor 
growth kinetics, oncologic outcomes in patients 
managed expectanily, analysis of competing risks 
to mortality, and existing prospective AS 
strategies. 


GROWTH KINETICS OF SMALL RENAL 
MASSES MANAGED EXPECTANTLY 


The most easily measured and well-studied indi- 
cator of aggressive malignant potential in renal 
masses is tumor size. There is a direct relationship 
between maximal tumor diameter (MTD) and ma- 
lignant features at surgery including presence of 
high-grade disease,*° clear-cell histology,° and 
metastatic disease at presentation.'° The natural 
history of untreated SRMs has been explored 
over the past decade® and can be categorized 
based on growth rates (positive growth, net zero 
growth, and masses that decrease in size over 
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time). Although anecdotes of the disappearing 
renal mass exist,'' these represent a very small 
proportion of the overall growth kinetics of 
observed renal masses. Instead, most renal tu- 
mors under observation either demonstrate zero 
net growth or increase slowly in size over time 
(Table 1).°'2 

The proportion of tumors under observation 
that demonstrate zero net growth ranges from 
5% to 73% in small series.'*'* A large meta- 
analysis of 18 series including 880 patients and 
936 SRMs demonstrated a total zero net growth 
rate of 23% (65 masses).'* Importantly, no tumor 
demonstrating zero net growth in this meta- 
analysis metastasized with intermediate follow- 
up (mean 34 months). In the largest retrospective 
institutional series of 173 tumors managed with 
AS, Crispen and colleagues"? reported a negative 


Table 1 


or no net growth rate of 26%. The Delayed Inter- 
vention and Surveillance for Small Renal Masses 
(DISSRM) registry is the lone cohort with pro- 
spectively established criteria for AS that has 
documented the proportion of patients with 
SRMs demonstrating zero net growth.'© With a 
median follow-up of 8.3 months, 16 patients 
(10%) experienced zero net growth. Thus, 
although the proportion of patients who 
experience zero net growth varies by population 
studied and length of time under observation, it 
represents a clinically significant proportion of 
SRMs managed expectantly (approximately 
10%-25%). 

Positive tumor growth has been defined in 
several different ways. Most commonly, the 
change in MTD over time can be reported as a 
linear growth rate (LGR). This measure makes the 


Growth kinetics of small renal masses managed initially with a period of observation 


Mean 
Mean 


MTD at 


Proportion 
with Zero or 
Negative Net 


Median 


Mean Follow-up 


Study n Age (y) Diagnosis (cm) _ LGR (cm/y) Growth (%) (mo) 


Abou Youssif et al,” 44 718 2.2 
2007 


0.15 NR 47.6 


Abouassaly et al,? 2008 110 _81.0° 2.5% 0.26 43.0 24.0 


Beisland et al,7* 2009 65 76.6 4.3 


Bosniak et al, 1? 1995 40 65.1 1.73 


0.66 (0.37 5.0 33.0 
for SRMs) (decreased 
size on AS) 


0.4 5.0 43.9 


Crispen et al,'° 2009 173 69.0 2.45 0.29 26.0 31.0 


Dorin et al,'? 2014 131 69.1 2.1 
Fernando et al,°° 2007 13 80.4 5.02 


0.07 37.4 48.0 
0.17 NR 38.4 


Hwang et al,°' 2010 58 64.3 2.1 0.21 NR 22.0 


Kato et al,°* 2004 18 55.1 1.98 


0.42 0 (all had 27.0 


surgery) 


Kouba et al,2° 2007 46 67.0 2.92 
Lamb et al,>? 2004 36 76.1 7.2 
Li et al,” 2012 32 52.2 2.14 


0.7 26.0 35.8 
0.39 55.0 27.7 
0.8 0 (all had 46.0 


surgery) 


Matsuzaki et al,'* 2007 15 67.0 2.2 


0.06 73.0 38.0 


Organ et al,”' 2014 207 72.5 2.15 0.12 NR 20.1 


Pierorazio et al,'° 2015 158 70.6? 1.98 
Rosales et al,” 2010 223 71.0? 2.87 
Schiavina et al,?° 2015 72 76.0 2.1 
Siu et al,” 2007 47 68.0 2.0 


0.11° 10.0 8.3 

0.34° 0 35.0 
0.5 2.7 61.0 
0.27 45.0 29.5 


Sowery et al,?? 2004 22 77.0° 4.08 0.86 NR 26.0 
Volpe et al,'® 2004 32 71,07 2.48 0.1 12.0 35.3 


Wehle et al,°” 2004 29 70.5 1.83 


Abbreviation: NR, not reported. 
a Value represents a median. 


0.12 52.0 32.0 


assumption that tumor growth is both uniform and 
spherical.” A more precise measure, change 
in estimated tumor volume (ETV) over time, can 
be calculated using 3-dimensional imaging.'° 
Although more time consuming, this approach 
may be more accurate than LGR.'°'® Using 
LGR, the growth rates of SRMs on AS range 
from 0.07 to 0.86 cm/y (see Table 1).'%2° A 
comprehensive meta-analysis of 963 masses on 
AS estimated the mean + standard deviation 
LGR to be 0.31 + 0.38 cm/y with a mean follow- 
up of 33.5 + 22.6 months. Two prospectively 
maintained consortia have recently reported 
growth kinetics of SRMs on AS. The Renal Cell 
Carcinoma Consortium of Canada included 207 
renal masses in 169 patients and reported a 
mean LGR of 0.12 + 0.0016 cm/y with a median 
follow-up of 1.7 years (range 0.25-8.0 years).7" In 
the DISSRM registry (which includes a total of 
223 patients who chose AS as an initial manage- 
ment strategy), 158 patients with evaluable lesions 
demonstrated a median LGR of 0.11 cm/y 
(interquartile range [IQR] —1.1 to 0.41 cm/y) 
at a median follow-up of 8.3 months (IQR 
5.5-21.0 months).'® Variation in cohort inclusion 
criteria and study design likely accounts for 
observed differences in LGR. 

Clinical and radiographic characteristics asso- 
ciated with positive growth kinetics during sur- 
veillance vary by report. Interestingly, most 
studies have demonstrated that initial tumor size 
does not predict growth over time.'®?*?° The 
two institutional studies demonstrating an associ- 
ation between initial tumor size and volumetric 
growth over time present conflicting results. In a 
Norwegian cohort of 63 patients (65 renal 
masses), there was a positive correlation be- 
tween initial MTD and tumor volume per year 
(rs 5 0.57, P<.01).2* Conversely, in a US cohort, 
Crispen and Uzzo? demonstrated an inverse 
relationship between initial tumor volume and 
relative linear and volumetric growth over time. 
Retrospective institutional studies have also 
demonstrated associations between LGR and 
younger age,°° tumor complexity,?’ increased 
length of time on surveillance,’ male sex,?° and 
symptomatic presentation.2° Given that most 
studies and meta-analyses fail to demonstrate 
such associations, predictors of tumor growth 
while on surveillance remain elusive. Although 
clinical and radiographic characteristics to guide 
the decision to proceed with AS at the time of 
SRM diagnosis have yet to be identified, LGR 
over time clearly remains the most clinically stud- 
ied and easily measured characteristic associ- 
ated with delayed intervention, malignant 
potential, and risk of metastases. 
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ONCOLOGIC OUTCOMES FOR SMALL RENAL 
MASSES MANAGED WITH ACTIVE 
SURVEILLANCE 


The guiding principle of AS is that an initial period of 
observation can be used to define tumor growth ki- 
netics and best select patients for either (1) pro- 
longed observation or (2) delayed intervention. The 
existing literature documenting long-term oncologic 
outcomes for renal tumors managed expectantly 
are sparse, and existing meta-analytic data report 
intermediate-term progression and survival data at 
best.'* As a result, optimal outcomes to evaluate 
the efficacy of AS are relegated to radiographic pro- 
gression of disease and clinical or radiographic ev- 
idence of metastases. It is important to consider 
that the existing evidence base is composed of his- 
torical cohorts examining patients with small tumors 
that eventually went on to delayed intervention, 
retrospective series of patients undergoing inten- 
tional AS, and prospective series using rigorous def- 
initions of AS and progression. 

Rates of progression after a period of initial AS 
vary and range from 4% to 65% depending on 
how the study cohort and progression are defined 
(Table 2).'*?° In modern cohorts with prospec- 
tively defined eligibility criteria, the rate of clinical 
progression, defined as clinical stage progression 
(usually cT1a to cT1b), rapid growth, or the devel- 
opment of symptoms, is approximately 16%.'°°° 
The Renal Cell Carcinoma Consortium of Canada 
defines progression as (1) SRM growth to 4 cm 
or greater in diameter, (2) a doubling of calculated 
SRM volume in 12 months or less, or (3) metasta- 
ses.°° Of 209 tumors, 25 (11.9%) progressed 
locally (ie, met at least 1 of the first 2 progression 
criteria) and 2 patients (1.1%) progressed to me- 
tastases. The DISSRM group defines progression 
as (1) growth rate greater than 0.5 cm/y, (2) great- 
est tumor size greater than 4 cm, or (3) hematuria. 
Thirty-six patients (16%) met criteria for progres- 
sion; 34 of these were due to growth rate and 
only 2 were due to tumor size greater than 4 cm. 
Importantly, only 1.1% and 0% progressed to 
metastatic disease in the Canadian and DISSRM 
cohorts, respectively. In total, 21 patients (9.4%) 
crossed over from AS to delayed intervention. Of 
these, most (15 patients) were due to patient pref- 
erence (mean growth rate of 0.08 cm/y), which is 
consistent with existing pooled data demon- 
strating that patient preference influences pro- 
gression to delayed intervention in 57% of 
patients.'* Thus, the imperative progression to 
treatment group consisted of 6 patients (2.7%) of 
the 223 total who selected initial AS. None of these 
patients have experienced a recurrence, with a 
median of 2.2 years’ follow-up. 
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Table 2 


Oncologic outcomes during the observation of small renal masses 


Progression to Metastasis 


Median 


Cancer-Specific Overall Follow-up 


Study Treatment (%) (%) Mortality (%) Mortality (%) (mo) 


Abou Youssif et al, 2007 23.0 5.7 


5.7 20.0 47.6 


Abouassaly et al,? 2008 4.0 NR 0 31.0 24.0 


Beisland et al,7* 2009 14.3 (16.0 
for SRMs) 


Bosniak et al,'? 1995 65.0 0 


3.2 (0 


6.7 57.2 33.0 


for SRMs) 


0 8.1 43.9 


Crispen et al,'° 2009 39.0 1.3 NR NR 31.0 


Dorin et al,'? 2014 11.5 0.88 
Fernando et al,°° 2007 15.0 7.7 


0 NR 48.0 
54.0 38.4 


Hwang et al,” 2010 28.0 0 0 0 22.0 


Jewett et al,?° 2011 14.0 1.1 
Kouba et al,?° 2007 30.0 0 
Lamb et al,®? 2004 5.6 2.8 
Li et al,°* 2012 ü 

Matsuzaki et al, '* 2007 20.0 

Pierorazio et al,'° 2015 9.4 

Rosales et al,” 2010 5.0 

Schiavina et al,?? 2015 24.0 

Siu et al,” 2007 30.0 


5.6 28.0 
10.0 35.8 
36.0 27.7 
3.1 46.0 
13.3 38.0 
5.8 25.2 
7.1 35.0 
53.3 61.0 
2.4 29.5 


Sowery et al,?? 2004 13.0 4.5 0 4.5 26.0 
Volpe et al,'® 2004 28.0 0 0 6.9 35.3 


Wehle et al,” 2004 14.0 0 


Abbreviation: NR, not reported. 


0 6.9 32.0 


a This study was a surgical cohort-only analysis of patients who underwent initial AS. 


Although the proportion of patients deliberately 
selected for initial AS who ultimately undergo 
delayed intervention in both retrospective and pro- 
spective cohorts is small, most that do remain 
eligible for nephron-sparing surgical approaches. 
Crispen and colleagues?! reviewed an institutional 
cohort of 87 sporadic, localized renal masses that 
underwent surgery after a minimum of 12 months 
of surveillance (median 14 mo) and reported that 
more than three-quarters (n 5 66) underwent 
nephron-sparing approaches. 

Perhaps the most clinically significant outcome 
relevant to AS is the risk of developing metastatic 
disease while under an initial period of observa- 
tion. In general, metastasis from SRMs is an 
exceedingly rare event. '*°* Because localized dis- 
ease is rarely fatal, the reason for proceeding to 
treatment of most incidentally detected SRMs is 
to prevent the development of incurable metasta- 
tic disease. The overall risk of metastatic disease 
for SRMs on AS with intermediate-term follow-up 
reported in the literature ranges from 0% to 5.7% 
(see Table 2).2°7° Reports of higher metastatic 
disease rates while on AS may stem from a lack 


of patient adherence and/or the presence of undi- 
agnosed synchronous disease. In the group witha 
5.7% risk of metastasis, for example, 2 patients 
were lost to follow-up.?° These patients had 
MTDs of 2.4 cm and 2.7 cm at the time of diag- 
nosis, and retrospectively calculated growth rates 
for these 2 patients at the time of metastasis were 
0.95 cm/y and 0.9 cm/y, respectively. Excluding 
patients not managed with a regimented AS proto- 
col, the true rate of metastasis on AS is in the 1% 
to 2% range.'°°° In the Renal Cell Carcinoma 
Consortium of Canada cohort, 2 (1.1%) of 178 pa- 
tients developed metastatic disease while under 
observation.°° In the DISSRM registry, there have 
been no metastases in the observation cohort 
(n 5 223) at a median follow-up of 2.1 years. A 
large meta-analysis evaluated factors associated 
with metastasis for SRMs on AS.1? In a pooled 
cohort of 936 renal masses, older patient age 
(75.1 years vs 66.6 years, P 5 .03), initial and final 
maximum tumor diameter (4.3 vs 2.3 cm, P<.001 
and 5.9 cm vs 3.0 cm, P<.001, respectively), initial 
and final ETV (66.3 cm? vs 15.1 cm’, P<.001 and 
132.1 cm? vs 29.0 cm, P<.001, respectively), 


LGR (0.8 cm/y vs 0.4 cm/y, P<.001), and 
volumetric growth rate (27.1 cm?/y vs 6.2 cm/y 
P<.001) were predictors of metastasis on 
univariate analysis. Importantly, time under AS 
(40.2 months vs 33.3 months, P 5 .47) was nota 
predictor of metastatic progression; no metastatic 
events were documented in patients with tumors 
less than 3 cm, net zero growth tumors, growth 
rate less than 0.1 cm/y, and time on AS less than 
9 months. As no histologic or radiographic charac- 
teristics at the time of diagnosis have consistently 
demonstrated strong associations with malignant 
potential, LGR is currently the most clinically rele- 
vant information that drives the decision to inter- 
vene. Based on these data, an initial period of AS 
to define tumor growth kinetics and best select pa- 
tients for delayed intervention seems to be a safe 
management strategy for SRMs given the very 
low metastatic event rate. 


COMPETING RISKS TO MORTALITY 


As the number of patients diagnosed with SRMs 
increases with incidental detection, the age at 
diagnosis is also increasing.°° Elderly patients 
often have other medical conditions that may influ- 
ence survival outcomes more than the biological 
potential of an incidentally diagnosed SRM.°* 
Therefore, quantifying a patient’s competing risks 
to mortality is an essential component of shared 
decision-making for patients with newly diag- 
nosed small renal tumors. 

In an observational study, Surveillance, Epide- 
miology, and End Results (SEER)—Medicare linked 
data were used to identify 6655 patients 66 years 
old or older with localized, surgically treated node 
negative RCC.** Adjusting for comorbidities using 
the Charlson Comorbidity Index, patients had 
lower cancer-specific mortality rates relative to 
the risk of death from competing causes (median 
follow-up of 43 months) at 3 (4.7% vs 10.9%), 
5 (7.5% vs 20.1%), and 10 years (11.9% vs 
44.0%). The only cohort in which cancer-specific 
mortality exceeded overall mortality was in pa- 
tients with no comorbidities and tumors greater 
than 7 cm. A nomogram has been developed to 
help frame clinical discussions and objectify risk 
stratification (www.cancernomograms.com). 

Another study using SEER data evaluated sur- 
vival outcomes in 26,618 patients (median age 
60.8 years) with surgically treated RCC stratified 
by tumor size.°° Kidney cancer-specific survival 
was inversely related to tumor size, and overall 
survival was inversely related to age. For the 
cohort of patients with tumors 4 cm or less, the 
5-year cancer-specific mortality was 5.3%, 
whereas mortality for competing causes at 5 years 


Active Surveillance for the Small Renal Mass 


for patients 70 years of age or older was 28.2%. In 
patients older than 60 years with tumors 4 cm or 
less, 5-year survival depended more on other 
causes rather than cancer-specific causes. 

Survival outcomes from a large institutional 
cohort of 537 patients 75 years of age or older 
with clinical stage T1 kidney cancer have also 
been reported. Roughly half of the patients 
(53%) underwent nephron-sparing surgery (NSS), 
27% underwent radical nephrectomy (RN), and 
20% were managed with observation. With a me- 
dian 3.9-year follow-up, the cancer-specific mor- 
tality was lower than overall mortality in all 
management groups (4.0% vs 19.9% for NSS; 
9.3% vs 23.2% for RN; 5.8% vs 33.3% for obser- 
vation). Even acknowledging selection biases 
inherent to retrospective study designs, these 
data demonstrate no differences in overall survival 
among patients 75 years of age or older with T1 
renal masses stratified by primary therapy versus 
surveillance and a cancer-specific mortality of 
only 5.8% in patients managed expectantly with 
close to 4 years of follow up. With the increasing 
realization that competing risks may be higher 
than the malignant potential of indolent disease, 
there is growing evidence that the concept of 
expectant management may even be extrapolated 
to more advanced (cT1b-2) tumors?” and even 
low-volume metastatic disease in highly comorbid 
patients.°° Therefore, consideration of competing 
risks to mortality relative to tumor malignant po- 
tential is a crucial component in determining the 
optimal management strategy for patients pre- 
senting with a newly diagnosed SRM. 


OPTIMIZING STRATEGIES FOR ACTIVE 
SURVEILLANCE IN PATIENTS WITH SMALL 
RENAL MASSES 


To date, the level of evidence supporting the 
efficacy of AS compared with surgical excision 
and ablation is limited.°° Lack of rigorously defined 
eligibility criteria or surveillance regimens limits the 
findings of institutional cohort data, and compara- 
tive effectiveness evaluations using observational 
data are biased by the inability to differentiate AS 
from watchful waiting using claims data.*°*' 
Moreover, missing tumor registry data and diffi- 
culty accounting for increasing incidence in sur- 
vival analyses limits the ability to make robust 
conclusions for patients with kidney cancer.*? In 
the absence of clinical trials or adequate observa- 
tional data to compare survival outcomes between 
AS and definitive local therapies (ablation, partial 
nephrectomy, RN), prospective evaluation using 
predetermined _ eligibility/surveillance strategies 
and an adherent patient population are essential 
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for demonstrating the objective utility of AS. There 
are currently 3 registered clinical trials that should 
continue to add to the existing retrospective evi- 
dence base (Table 3). 

The Renal Cell Cancer Consortium of Canada 
is composed of patients with a T1a renal mass 
deemed by the physician to be unfit for surgery 
because of advanced age, comorbidity, or 
refusal of interventional treatment.°° A require- 
ment for baseline chest radiograph documenting 
lack of metastasis was added midway through 
the trial period. Patients were not eligible if 
they had less than a 2-year life expectancy, 
had a diagnosed SRM greater than 12 months 
before enrollment, were on systemic therapy 
for other malignancies, or had a known heredi- 
tary RCC syndrome. Uniquely, all patients are 
encouraged to undergo percutaneous needle 
core biopsy for pathologic diagnosis. The 
surveillance strategy accepts serial computed 
tomography (CT), MRI, or ultrasound (US) 
every 3 months to month 6, then every 6 months 
until year 3, and then annually. Pathologically 
confirmed benign tumors are imaged annually. 
With reported median follow-up of 28 months, 
this represents the most mature cohort to date 
and will continue to inform clinical practice as 
its results mature. 


Table 3 
Contemporary eligibility criteria in prospectively accruing active surveillance cohorts 


The DISSRM registry is a multi-institutional 
effort at 3 centers. '° Eligibility criteria include age 
18 years or older and a cT1a enhancing renal 
mass on cross-sectional imaging. Patients with a 
history of an inherited RCC syndrome or with sus- 
picion for renal metastasis from secondary malig- 
nancy were excluded. Percutaneous needle core 
renal mass biopsy was discussed with all patients, 
though not required. The surveillance regimen re- 
quires initial cross-sectional imaging with either 
CT or MRI. Patients are then followed preferentially 
with US every 4 to 6 months for 2 years and every 6 
to 12 months thereafter. Discrepancy in tumor size 
or growth rate prompts confirmatory axial imaging. 
The initial report had a median follow-up of 
25 months with no patients to date progressing 
to metastatic disease. 

Finally, Yale University is recruiting patients to 
NCT02204800 entitled Active Surveillance of the 
Small Renal Mass. The primary outcome measure 
is tumor growth rate in centimeters per year at 
36 months. Other goals include identifying predic- 
tive markers determining delayed intervention. In- 
clusion criteria are patients older than 18 years 
with a 3- to 20-year life expectancy who have a 
1.25- to 2.5-cm renal mass visible on US, 
biopsy-proven clear cell RCC within 6 weeks of 
enrollment, no vascular invasion or metastatic 


Inclusion Exclusion Surveillance 


e T1a renal mass 

e Unfit for surgery or 
patient refuses 
intervention 


Renal Cell Consortium 
of Canada?’ 


e <2 y life expectancy e All patients encour- 
Systemic therapy for aged to have biopsy 
another malignancy Abdominal imaging 
Tumor every 3 mo to month 6, 
diagnosed >12 mo then every 6 mo until 
prior year 3, and then 

e Known hereditary RCC annually 


n ë ë ëd —————ee 
Delayed Intervention e >18 y of age e Suspicion of renal e Renal mass biopsy is 
and Surveillance for e clinical T1a metastasis discussed with all 
Small Renal Masses'® renal mass e History of hereditary e Preferential US every 
RCC syndrome 4-6 mo for 2 y and 


then every 6-12 mo 
Active Surveillance of e >18 y of age e History of hereditary e Not yet published 
Small Renal Mass e >3-y life expectancy RCC syndrome 
(NCT02204800) e 1.0-2.7 cm renal mass e Presence of active, un- 
visible on US treated, metastatic 
ECOG <2 nonrenal malignancy 
Tumor amenable to 
surgery 
Biopsy-proven RCC 
No vascular invasion 
e No metastatic disease 


Abbreviations: ECOG, Eastern Cooperative Oncology Group; US, ultrasound. 


disease, Eastern Cooperative Oncology Group 
score of 2 or less, and a tumor amenable to upfront 
surgery. Final accrual and data analysis is esti- 
mated to occur in August of 2017. 

The importance of close, prospectively planned 
follow-up cannot be underestimated. In retro- 
spective institutional series with documented 
cases of metastasis,’ most patients who metas- 
tasized were lost to follow-up and their tumors 
had growth rates ranging from 0.5 to 1.0 cm/y 
when repeat imaging was performed. '* Stringent 
follow-up will be especially important as the indi- 
cations for AS expand from the surgically unfit 
population to healthier individuals seeking to 
avoid intervention. 


ILLNESS UNCERTAINTY AND QUALITY-OF-LIFE 
CONSIDERATIONS FOR PATIENTS WITH 
SMALL RENAL MASSES ON ACTIVE 
SURVEILLANCE 


Two reports have explored quality-of-life (QOL) 
effects inherent to choosing an AS management 
strategy for patients with SRMs. Parker and 
colleagues? administered validated question- 
naires on illness uncertainty, general QOL, 
cancer-specific QOL, and distress to 100 patients 
at 4 time points: initiation of AS and at 6, 12, and 
24 months of AS.*° Illness uncertainty was associ- 
ated with poorer general QOL in the physical 
domain; worse cancer-related QOL in the phys- 
ical, psychosocial, and medical domains; and 
higher levels of distress. The investigators 
concluded that measuring illness uncertainty in 
patients on AS can help identify patients who 
may benefit from targeted psychosocial interven- 
tions to improve QOL. 

Patel and colleagues** recently examined QOL 
among all patients (both those accrued to primary 
intervention and those accrued AS) in the DISSRM 
registry. As part of the study protocol, patients 
complete validated QOL instruments at study 
enrollment, at 6 and 12 months, and annually 
thereafter. Total and physical component QOL 
scores were better in the primary intervention 
group compared with the AS group. This finding 
was expected because patients undergoing im- 
mediate intervention tended to be healthier at 
baseline. There were no differences in the mental 
component of the QOL instrument between 
groups, and a trend toward overall improvement 
in QOL was noted with increasing time from 
choosing a management strategy. 

As these data mature and more emphasis is 
rightfully placed on patient-reported QOL out- 
comes, some of the nuances regarding factors 
that negatively impact QOL while on AS are likely 
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to be further elucidated. By so doing, counseling 
efforts can be better guided to improve shared 
decision-making efforts and emphasize patient- 
centered management. 


CONTEMPORARY ACTIVE SURVEILLANCE 
MANAGEMENT STRATEGIES 


The decision to use a period of initial AS for pa- 
tients with an SRM first requires proper patient 
and tumor selection. Nomograms have been 
developed to inform decisions regarding immedi- 
ate intervention based on competing risks to mor- 
tality,°* and prospective cohort inclusion criteria 
can help optimize patient selection.'°°° Tumor 
complexity as defined by the RENAL nephrometry 
score has been shown to predict the likelinood of 
high-grade disease, and a nomogram has been 
developed for this purpose.*° Generally, small, 
nonhilar, endophytic tumors are associated with 
benign pathology, whereas large, interpolar, and 
hilar tumors are more likely to be malignant. 
Once patient amenability to and tumor eligibility 
for AS have been determined, a discussion on 
the utility of renal mass biopsy is appropriate. 
There remains significant controversy over the 
ideal role of renal mass biopsy in the AS popula- 
tion.*°*” Those who argue for obligatory biopsy 
contend that biopsy is safe and has the potential 
to aid patients and providers in making more 
informed management determinations.*” Despite 
regular renal mass biopsy in AS cohorts, however, 
growth rates and initial tumor size seem to be 
more effective predictors of delayed intervention 
than renal mass biopsy.*® We prefer judicious 
use of renal mass biopsy after a period of initial 
AS when tumor growth kinetics have raised 
concern for aggressive malignancy and a biopsy 
has the potential to change the management strat- 
egy (ie, crossover from AS to delayed intervention). 
Such a strategy can identify both patients for 
whom intervention is more appropriate and those 
with benign (eg, oncocytic) neoplasms that may 
safely remain on AS.*° 


SUMMARY 


AS to determine tumor growth kinetics is an 
appropriate initial management strategy in elderly, 
comorbid patients with incidentally discovered 
SRMs and an optional strategy in healthy patients 
or those with compromised renal function who 
wish to avoid local therapy. In the absence of 
level | evidence, rigorously defined eligibility 
criteria, strict surveillance schedules, and patient 
adherence are critical to documenting oncologic 
outcomes and identifying optimal candidates for 
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delayed intervention before the development of 
metastatic disease. The role of percutaneous 
core needle biopsy is evolving, and there is 
contentious debate regarding the role of renal 
mass biopsy in all patients presenting with an 
SRM.*° Although LGR may be the most clinically 
useful predictor of risk of metastasis, there 
remains a lack of consensus on criteria for 
delayed intervention for SRMs initially managed 
with AS. Pooled retrospective data and 2 pro- 
spective registries have reported acceptably low 
rates of metastatic disease in patients initially 
managed with AS. Emerging QOL reports demon- 
strate the importance of understanding illness un- 
certainty and patient-reported outcomes when 
considering patients for AS.^3/^ As these data 
mature, a clearer picture will emerge to 
guide clinical decision-making for patients with 
SRMs who elect AS as a primary management 
strategy. 
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KEY POINTS 


e Optimal conditions for cryoablation include achieving treatment temperatures less than —40°C, 
treating 5 mm to 10 mm beyond tumor margin, and performing a double freeze-thaw cycle of 8-min- 


ute to 10-minute duration. 


e Radiofrequency ablation temperatures should exceed 70°C but avoid high temperatures that cause 
charring, and treatments can be thermal based or impedance based. 
e Treatment success is defined as lack of tumor enhancement and absence of tumor enlargement on 


intravenous contrast enhanced CT or MRI. 


e Ablation techniques seem to have higher rates of local recurrence than surgery, but caution should 
be taken when comparing outcomes between ablation modalities and surgical extirpation in non- 


randomized, heterogenous case studies. 


e Complication rates are lowest with percutaneous approaches and increase with laparoscopic or 


open procedures. 


INTRODUCTION 


With increased use of cross-sectional imaging, 
there has been a trend toward earlier diagnosis 
of stage 1 renal tumors.' Pathologically, up to 
20% of small renal masses after extirpative sur- 
gery are benign.? In the past several decades, 
there has been a drive to discover minimally inva- 
sive treatments that aim to decrease treatment- 
related morbidity while respecting oncologic 
principles. However, 10-year trends from the 
American Nationwide Inpatient Sample showed 
that cryoablation and radiofrequency ablation 
(RFA) were used less compared with partial ne- 
phrectomy or radical nephrectomy. Although par- 
tial nephrectomy is the gold standard treatment of 
T1a renal masses per the American Urological As- 
sociation (AUA) guidelines, ablation therapy is a 
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reasonable therapeutic option due to its ease of 
use, fewer complication rates, and shorter conva- 
lescence.‘ As with partial nephrectomy and active 
surveillance, patient selection plays a key role 
when weighing the risks and benefits while long- 
term data begin to mature. 


PATIENT SELECTION 


Thermal ablation is an appealing option for pa- 
tients who have contraindications to surgical extir- 
pative therapy (ie, comorbidities or advanced age) 
or have strong preference for nonsurgical man- 
agement. Additionally, patients who have underly- 
ing renal insufficiency, solitary kidney, transplant 
kidney, multifocal tumors, or recurrent tumors in 
the nephrectomy bed may be considered for abla- 
tive therapies.° 
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EVOLUTION AND TECHNICAL 
CONSIDERATIONS FOR ABLATION 
TECHNIQUES 

Cryoablation 


The first modern cryoprobe using liquid nitrogen 
was developed in the mid-1960s, thus allowing 
for treatment of intra-abdominal lesions. It was 
not until the 1980s when ultrasound (US) was 
used to identify the highly echogenic ice-tissue 
interface.’ Argon gas-based probes became 
available in the 1990s, and these provided more 
consistent temperatures and more efficient deliv- 
ery to target tissues.° Animal models showed 
that cryoablation destroys normal tissue and 
cancerous tissue at temperatures between 
—19.4°C and —50°C, respectively. Therefore, to 
account for the more fibrous quality of the 
cancerous tissue, the preferred target temperature 
to ensure cellular death is —40°C.° It was also 
shown that the ice ball treatment zone should 
extend 5 mm to 10 mm beyond the edge of the 
lesion because consistent temperatures below 
—20°C could not be reached until 3.1 mm within 
the ice-tissue interface. '° Animal studies showed 
larger areas of tissue necrosis with multiple 
freeze-thaw cycles; therefore, to increase cure 
rates it is recommended to perform a double 
freeze-thaw cycle.'' Thawing can be done by 
either a more time-consuming passive process 
or via an active process where helium gas is 
used to create a warming effect through the probe. 
There is increased risk for bleeding if the duration 
of the freeze cycle is 5 minutes, and there is 
increased risk for tumor fracture if treatment lasts 
for 15 minutes.'* Therefore, freeze cycle lengths 
of 8 minutes to 10 minutes are commonplace in 
the literature. '° 


Radiofrequency Ablation 


RFA requires the use of monopolar alternating elec- 
tric current at different frequencies, which stimu- 
lates ion vibration, leading to molecular friction 
and heat production. The increased temperatures 
desiccate tissue. '* Modern-day probes were devel- 
oped in 1990 and contain insulation down to an 
exposed tip.'° The 2 main types of RFA generators 
are either temperature based or impedance based. 
Impedance occurs with rapid increase in tempera- 
tures, thus causing charring and dehydration of 
the tissues, which prevent desiccation of larger 
circumferential areas.'° Target temperatures 
should be kept at or below 105°C to minimize 
incomplete ablation; however, tissues should reach 
a temperature of at least 70°C to ensure cellular 
death.'’ Larger tumors, greater than 2 cm, can be 
treated using multitine electrodes to disperse 


current in a larger spherical area. 18 Similar to cryoa- 
blation, improved cellular death occurs with 2 treat- 
ment cycles and a brief cool-down between active 
treatments. '° Unlike cryotherapy where intraopera- 
tive US can easily visualize the ice ball, success dur- 
ing RFA relies on generator feedback and accurate 
placement of probes.7° 


SURGICAL TECHNIQUE 
Percutaneous Cryoablation 


The surgical technique for percutaneous cryoabla- 
tion is shown in (Box 1, Fig. 1). 


Percutaneous Radiofrequency Ablation 


The surgical technique for RFA is shown in Box 2. 


Laparoscopic Approach 


Although percutaneous treatment of small renal 
masses has decreased morbidity, some patients 


Box 1 
Technique for percutaneous cryoablation 


. Position in prone or modified flank de- 
pending on tumor location. 


. Mark and clean site where probe will be 
inserted. 


. Give local anesthetic and conscious sedation. 


4. Under CT, US, or MRI guidance, place abla- 
tion probe(s) in the target lesion. 


. Displace vital structures with use of bal- 
loons or saline hydrodissection if needed. 


. Can perform tumor biopsy using 18-gauge 
core biopsy needle after probes have been 
placed. 


. Ablate with a 5-mm to 10-mm margin of 
normal parenchyma ensuring the ice ball 
extends at least 3.1 mm beyond tumor 
margin. 


. The preferred target tissue temperature is 
at or below —40°C. 


. Apply double freeze-thaw cycle for com- 
plete cellular death. 


. Freeze cycles should be approximately 
10 minutes. 


11. Thaw can be active or passive. 


12. Twist and remove probe atraumatically. 


13. Perform CT to assess for completion and 
complications. 


Data from Campbell SC, Krishnamurthi V, Chow G, 
et al. Renal cryosurgery: experimental evaluation 
of treatment parameters. Urology 1998;52(1):29-33. 
[discussion: 33-4]. 
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Fig. 1. Cryoablation. Preprocedure axial CT (A) demonstrating heterogenous, enhancing left renal mass (arrow) 
with RCC confirmed on biopsy. Saline window (arrow) was created to push colon away from renal mass (B). Cryo- 
probe placement (C) with hypodense ablation zone, or ice ball (arrow). A 6-month follow-up CT (D) showing lack 


of enhancement or residual disease (arrow). 


may need to have their tumors treated via a 
laparoscopic approach due to technical issues 
with tumor location or proximity of vital organs. 
Laparoscopy allows for a more direct and visible 
delivery of the probes. Access to the kidney can 
be either transperitoneal or retroperitoneal. After 
kidney mobilization, the fat overlying the tumor 
may be removed, US can be used to confirm 
size and location of tumor, and biopsies can be 
taken with a 14-gauge or 18-gauge biopsy needle. 
Similar to the percutaneous approach, the 
probe(s) can be inserted and depth confirmed via 
US. The principles for treatment with cryoablation 
and RFA are the same as with their percutaneous 
counterparts. The difference is after the probes 
have been removed, the tumor site can be moni- 
tored for bleeding and hemostatic agents can be 
applied.*! Although there are instances where 
the laparoscopic approach has utility, the percuta- 
neous approach is often preferred from a 
morbidity and anesthetic standpoint. 


OUTCOMES 
Cryoablation and Radiofrequency Ablation 
Versus Partial Nephrectomy 


Without prospective, randomized trials, caution 
should be taken when retrospectively comparing 


outcomes between ablation techniques and sur- 
gery. Two small retrospective matched-cohort 
studies comparing laparoscopic cryoablation 
with partial nephrectomy showed similar out- 
comes in overall survival (OS), cancer-specific sur- 
vival (CSS), recurrence-free survival (RFS), and 
metastases-free survival (MFS).27:2° In contrast, 
multiple studies favor partial nephrectomy over 
cryoablation in regard to oncologic outcomes.**:7° 
Guillotreau and colleagues*° analyzed 436 pa- 
tients who had small renal masses less than or 
equal to 4 cm who were treated with robotic partial 
nephrectomy (n 5 210) versus laparoscopic cryoa- 
blation (n 5 226). Although follow-up was substan- 
tially longer (44.5 mo vs 4.8 mo) and tumor size 
was smaller (2.2 cm vs 2.4 cm) for patients who 
underwent laparoscopic cryoablation, the investi- 
gators report higher local recurrence (11% vs 
0%), decreased operative time (165 min vs 
180 min), and decreased EBL (75 mL vs 200 mL) 
in the cryoablation group. 

A recent meta-analysis evaluating laparoscopic 
cryoablation versus laparoscopic or robotic partial 
nephrectomy reported shorter operative times, 
less blood loss, shorter length of stay, and fewer 
overall complications with the former approach. 
Patients undergoing laparoscopic cryoablation, 
however, had a significantly increased risk of local 
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Box 2 
Technique for percutaneous radiofrequency 
ablation 


1. Position in prone. 


. Mark and clean site where probe will be 
inserted. 


3. Place several electrodes to the upper thigh. 


. Displace vital structures using carbon diox- 
ide or water if needed. 


. Under CT, US, or MRI guidance, place abla- 
tion probe(s) in the target lesion. 


. Can perform tumor biopsy using 18-gauge 
core biopsy needle after probes have been 
placed. 


. Ablate with a 5-mm to 10-mm margin of 
normal parenchyma at cycles of 5 minutes, 
7 minutes, and 8 minutes with a 30-second 
cool-down. 


. The preferred active target tissue tempera- 
ture is 105°C, and the passive tissue temper- 
ature during cool-down should be at least 
70°C. 


. Measure impedance using single multitined 
probes or multiple single-shaft probes to 
ensure complete tumor coverage. 


. Probe tract may be ablated on removal. 


. Perform CT to assess for completion and 
complications. 


and metastatic tumor progression (relative risk 
[RR] 9.39 and RR 4.68, respectively).2” More 
recently, in a large retrospective study comparing 
partial nephrectomy (n 5 1057), percutaneous 
cryoablation (n 5 187), and percutaneous RFA 
(n 5 180), Thompson and colleagues*® demon- 
strated similar RFS rates between the groups but 
improved MFS for partial nephrectomy and cryoa- 
blation over RFA. The partial nephrectomy group 
was younger, was healthier, and had improved 
OS, which reflects a common selection bias with 
these modalities. When matching for patient char- 
acteristics, comorbidities, and tumor size with T1b 
renal masses, Caputo and colleagues’° found a 
higher recurrence rate at 1 year in patients who 
received cryoablation versus partial nephrectomy 
(P 5 .019). A survival difference was not detected 
between the groups, and this can largely be attrib- 
uted to small sample sizes (n 5 31), short follow- 
up, and low event rates for recurrence and death. 


Cryoablation Versus Radiofrequency Ablation 


Studies comparing cryoablation and RFA are often 
retrospective and have a small sample size, 


discrepancies in tumor size and location, poorly 
defined endpoints, and limited follow-up. A 
meta-analysis from 2008 demonstrated that local 
tumor progression was higher for RFA at 12.9% 
compared with cryoablation at 5.2%, and repeat 
ablation was performed more often after RFA 
(8.5% vs 1.3%).°° In the included studies, cryoa- 
blation was performed via laparoscopic approach 
in 65% of patients whereas performed percutane- 
ously in only 23.2%. RFA was performed via 
percutaneous approach in 93.7% of the included 
studies. Two subsequent meta-analyses of case 
series comparing the 2 modalities show that there 
are similar efficacy and complication rates.°':>2 
Among contemporary publications, 1 study 
noted an insignificant imaging recurrence of 11% 
and 7% between RFA and cryoablation, respec- 
tively, without a defined follow-up interval.°° Atwell 
and colleagues** retrospectively evaluated recur- 
rence patterns between 256 tumors treated with 
RFA and 189 tumors treated with cryoablation 
that were less than 3 cm. They found in biopsy- 
proved renal cell carcinomas (RCCs) that the local 
RFS rates at 1 year, 3 years, and 5 years after RFA 
were 100%, 98.1%, and 98.1%, respectively, 
compared with 97.3%, 90.6%, and 90.6%, 
respectively, after cryoablation. This was not sta- 
tistically significant, and the complication rates 
were similar between modalities (4.3% of RFAs 
and 4.5% of cryoablation procedures). Another 
study compared OS, CSS, and RFS between mo- 
dalities and found that percutaneous cryoablation 
had a significantly improved RFS over RFA (85.1% 
vs 60.4%, respectively). Follow-up for patients 
with RFA was approximately 24 months longer.°° 


Laparoscopic Versus Percutaneous 
Approaches 


Cryoablation for renal masses has been commonly 
performed laparoscopically with a smaller yet 
increasing number of patients receiving treatment 
through a percutaneous approach. In contrast, 
RFA has been performed predominantly through 
a percutaneous approach. Thus, literature with 
longer follow-up reflects a higher percentage of 
patients receiving laparoscopic cryoablation. 
Most studies comparing percutaneous and lapa- 
roscopic thermal ablation show similar findings in 
the primary endpoints. Hinshaw and colleagues*° 
found at a mean follow-up of 14.5 months 
that there was no difference in primary and 
secondary effectiveness rates (100%), disease- 
specific survival (100%), or complication rates 
(0% vs 5%) between percutaneous and laparo- 
scopic approaches, respectively. Tumors were 
larger in the laparoscopic group (2.5 cm vs 


2.1 cm, P 5 .04); however, there was a shorter 
hospital stay and the hospital charge was 40% 
less with percutaneous cryoablation. Additional 
retrospective studies have largely confirmed these 
findings.°’-** In their 15-year experience retro- 
spectively comparing laparoscopic cryoablation 
(n 5 275) and percutaneous cryoablation 
(n5 137), Zargar and colleagues*° found no differ- 
ences in OS, RFS, or complication rates between 
modalities. 

A meta-analysis comparing percutaneous to 
surgical tumor ablation using cryoablation or RFA 
found that the primary effectiveness rate was 
higher in the surgical group (94% vs 87%), but 
the secondary effectiveness in the percutaneous 
group increased to 95%. Major complications 
were also higher in the surgical group (7% vs 
3%); thus, the study concluded that a percuta- 
neous approach was safer and equally effective, 
albeit sometimes necessitating more than 1 
treatment.*© 

Caputo and colleagues*’ reported 100-month 
oncologic outcomes for patients who underwent 
laparoscopic cryoablation. Among the 100 tumors 
diagnosed with RCC at 3 years, 5 years, and 
10 years, the RFS rates were 91.4%, 86.5%, and 
86.5%; estimated CSS rates were 96.8%, 
96.8%, and 92.6%; and estimated OS rates were 
88.7%, 79.1%, and 53.8%, respectively. The 
mean time to recurrence was 2.3 years. 


FOLLOW-UP 


Historically there has been controversy regarding 
the definitions of recurrence, progression, treat- 
ment success, and treatment efficacy after ther- 
mal ablation. As opposed to extirpative surgery, 
where there should be no visible lesions on 
follow-up imaging, thermal ablation efficacy is 
based solely on radiographic findings. Through 
panel consensus, successful ablation can be 
confirmed within 3 months by absence of tumor 
enhancement and absence of tumor enlargement 
on intravenous contrast enhanced CT or MRI.*? 
The AUA recommends cross-sectional imaging 
at 3 months and 6 months after ablation, then 
annually for 5 years.°° 


COMPLICATIONS 


Reporting of complications comparing ablation 
modalities and surgery are subject to the same 
limitations of retrospective, heterogeneous case 
studies. There are differences in objective report- 
ing of tumor complexity, size and location, sur- 
geon experience, and patient demographics, 
which contribute to the variability between 
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cohorts. In a 2009 meta-analysis from the AUA 
for small renal mass guidelines, major urologic 
complication rates for cryoablation (4.9%, 95% 
Cl [3.3, 7.4]) and RFA (6.0%, 95% Cl [4.4, 8.2]) 
were less than laparoscopic partial nephrectomy 
(9.0%, 95% Cl [7.7, 10.6]).°? Major nonurological 
complications were 5% for cryoablation and 
4.5% for RFA. A subsequent meta-analysis found 
a complication rate of 19.9% in 431 patients 
treated with cryoablation and a complication rate 
of 19% in 426 patients who underwent RFA.°' 
This study was limited by significant heterogeneity 
among the cohorts. Studies showing increased 
complications for cryoablation over RFA often 
are due to the additional complications from lapa- 
roscopy or, more commonly, due to the increase in 
tumor size in patients undergoing cryoablation.°! 
When comparing treatment modalities for small 
renal masses of similar size, major complication 
rates are similar between percutaneous cryoabla- 
tion versus RFA (4.3% vs 4.5%, respectively).°* 

Some studies report equivalent major complica- 
tion rates between percutaneous cryoablation and 
laparoscopic cryoablation,°*°° whereas others 
report higher complication rates for laparoscopic 
cryoablation.°* Zargar and colleagues? reviewed 
published overall rates of complications for renal 
cryoablation in larger series (n>100). They found 
that overall complications rates range from 7.8% 
to 20%, and percutaneous cryoablation rates 
(7.8% to 12.9%) are less than documented rates 
for laparoscopic cryoablation (15% to 20%). This 
may in part be due to differences in patient selec- 
tion and tumor complexity. 

Scoring systems have been developed and 
used in part to objectively measure complications 
due to tumor complexity. Kutikov and colleagues”? 
described the RENAL nephrometry score, which 
has been used to stratify odds of complications 
for surgical patients. Blute and colleagues°® vali- 
dated the utility of the score for patients undergo- 
ing percutaneous cryoablation. The investigators 
report that with each unit increase in radius, exo- 
phytic/endophytic, nearness, anterior/posterior, 
and location (RENAL) score, patients were 1.5 
times more likely to experience a complication. 
In a large cohort of 627 patients with 751 renal tu- 
mors who underwent cryoablation (n 5 430) and 
RFA (n 5 321), 5.6% of patients had a major 
complication.°' There was a higher mean nephr- 
ometry score for patients with a major complica- 
tion (8.1 + 2.0) versus patients without a major 
complication (6.8 + 1.9). Given that patients who 
undergo percutaneous cryoablation often have 
increased comorbidities, Schmit and colleagues?” 
postulated that the RENAL score did not take into 
account additional risk factors. The investigators 
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Pll = a 
Fig. 2. Microwave ablation. Preprocedure axial CT (A) demonstrating RCC, chromophobe type (arrow). Probe 
placement (arrow) within the mass (B). A 6-month follow-up CT (C) showing lack of enhancement or residual dis- 
ease (arrow). 


state that their risk prediction score, (MC)2, which 
emphasized maximum tumor diameter, central tu- 
mor location, history of myocardial infarction, and 
complicated diabetes, outperformed the RENAL 
score in predicting complications for percuta- 
neous cryoablation. 


INVESTIGATIONAL ABLATIVE MODALITIES 
High-Intensity Focused Ultrasound 


High-intensity focused US (HIFU) has a unique 
advantage of being completely noninvasive. 
Through a transducer, high-intensity US waves 
heat the target tissue to generate cellular necrosis 
with minimal contralateral damage.°® Unfortu- 
nately, outcomes for HIFU have been suboptimal. 
In a study with 3-year follow-up, HIFU achieved 
stable lesions in only two-thirds of the patients.°° 


Microwave Ablation 


Microwave ablation delivers electromagnetic en- 
ergy with frequencies greater than 900 MHz to 
generate rapid molecular oscillation of water mole- 
cules, thus generating heat, coagulative necrosis, 
and cell death.°° Advantages over RFA are the abil- 
ity to achieve a larger ablation zone with less prob- 
ability of tissue impedance from charring, shorter 
treatment times, and less susceptibility to the heat 
sink phenomenon.°®' Moreland and colleagues®* 
reported no local recurrence or metastases in 53 
patients at mean follow-up of 8 months with 
biopsy-proved RCC less than 4 cm. Although there 
is more published literature for RFA of renal 
masses, there has been increased interest over 
the past several years in this modality over RFA, 
for the reasons discussed previously (Fig. 2). 


Irreversible Electroporation 


In response to thermal collateral damage to 
normal structures and incomplete ablation due to 
heat sink effects, irreversible electroporation was 
developed as a nonthermal ablation technology 


where electric current creates nanopores within 
the cellular membrane causing cell death.°° One 
advantage with irreversible electroporation is the 
potential tissue regeneration; however, this has 
not been demonstrated with renal tissue.°* Most 
studies are with animal models and, therefore, 
are still currently investigational. 


SUMMARY 


Caution should be used when making com- 
parisons between treatment modalities, onco- 
logic outcomes, and complications using case 
studies. Interpretation of the thermal ablation 
literature requires making poorly defined as- 
sumptions about cryotherapy versus RFA, lapa- 
roscopic versus percutaneous approaches, 
ablation versus surgery, different definitions of 
recurrence, follow-up, treatment success, heter- 
ogenous patient populations, tumor characteris- 
tics, and reporting of complications. Given that 
long-term oncologic data and well-designed 
trials for thermal ablation are lacking, partial 
nephrectomy remains the standard of care for 
small renal masses. As new technologies aim 
to increase tolerability while decreasing 
treatment-related morbidity, it is important to 
be critical of the literature to ensure that physi- 
cians are offering patients high-quality care. 
Thermal ablation modalities currently play an 
important role in the treatment algorithm for pa- 
tients with RCC and will likely continue to gain 
more popularity as long-term data mature. 
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KEY POINTS 


e Management of small renal masses (SRMs) is increasingly common for urologists, and surgical 
treatment of theses masses requires multiple technical skill sets. 

e There does not seem to be an oncologic outcome difference in surgical approach as long as the 
surgery performed is in the skill set of the urologist. 

e There are multiple options for renal hilar control and tumor extirpation that need to be tailored to the 


patient and renal mass during dissection. 


INTRODUCTION 


There has been an increased incidence of renal 
cell carcinoma (RCC) and it is estimated that there 
will be 63,990 new cases of RCC diagnosed in the 
United States in 2017.' This incidence trend is 
largely due to increased use of cross-sectional 
imaging for unrelated reasons that lead to an inci- 
dental finding of an SRM, defined as an enhancing 
solid renal mass, usually less than 4 cm. There has 
also been a stage migration to lower-stage RCC, 
because a majority of these incidental renal 
masses are found as localized, low-stage 
tumors.?° 

Partial nephrectomy (PN) was initially reserved 
for obligate reasons, such as a renal mass in a sol- 
itary kidney, or in cases of bilateral renal masses. 
The notion of renal preservation, however, has 
led to the increased adoption of PN. Gradual 
acceptance and adoption of PN occurred after 
studies demonstrated association of chronic kid- 
ney disease with increase in cardiovascular mor- 
tality* and preservation of renal parenchyma with 
a decreased rate of development of chronic kidney 
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disease postoperatively.°-'' Multiple retrospective 
studies have shown a survival advantage of pa- 
tients undergoing PN compared with radical 
nephrectomy (RN) while providing equivalent onco- 
logic outcomes. '*-2° Many of these studies, how- 
ever, are limited by their retrospective nature and 
selection bias. On the contrary, the only prospec- 
tive randomized study comparing survival out- 
comes of PN versus RN that showed survival 
advantage for patients treated with RN and not 
PN.?' Although that study was not without limita- 
tions, it had an imprint on practice patterns, where 
PN is not advocated as aggressively for some renal 
masses. Nevertheless, because of equivalent 
oncologic outcomes, improved renal function post- 
operatively, and decreased risk of future develop- 
ment of cardiovascular disease, PN remains a 
preferred treatment of SRM in most centers. 

The treatment of SRMs has evolved over the 
past several decades and current management 
options include active surveillance, cryoablation, 
radiofrequency ablation, PN, and RN. When 
selecting the method of treatment, patient factors, 
such as medical comorbidities and tumor location 
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and size, must be taken into account along with 
surgeon factors, including experience, technical 
ability, and availability of instrumentation/technol- 
ogy. Nevertheless, the standard of care remains 
surgical extirpation of an SRM with the treatment 
of choice PN, as agreed on by both American Uro- 
logical Association and European Association of 
Urology guidelines.2?:7° 

Over the past 15 years there has been 
increased use of minimally invasive surgery 
(MIS) in urology.24 MIS has been increasingly 
adopted in management of renal masses and 
surgery of retroperitoneum because it greatly 
reduced the morbidity associated with an open 
flank or abdominal incisions. In the United 
States, with the increased availability of the da 
Vinci robotic platform (Intuitive Surgical, Sunny- 
vale, CA, USA), robotic-assisted laparoscopic 
PN has become the preferred MIS strategy for 
PN because it is less technically demanding, 
with a shorter learning curve.?°?° Regardless of 
surgery type for renal mass, the goal of the treat- 
ment is often referred to as a trifecta, defined as 
(1) negative margins, (2) minimal renal function 
decrease, and (3) no surgical complications.*’~*° 


SURGICAL APPROACH 


The progression of nephron-sparing surgical man- 
agement of an SRM has traversed from an open 
approach, to hand-assisted laparoscopic surgery, 
to pure laparoscopic surgery, and now to robotic- 
assisted laparoscopic surgery. Although there 
have been no prospective trials comparing the 
various techniques, there have been many retro- 
spective comparisons that show that all types 
have similar oncologic efficacy.7°:°°°* A meta- 
analysis by Zheng and colleagues? combined 6 
studies comparing oncologic outcomes of pa- 
tients with T1a and T1b RCC treated with open 
PN versus laparoscopic PN, with a minimum 
follow-up of 5 years, and found no difference in 
overall survival, cancer-specific survival, or 
recurrence-free survival between groups (odds ra- 
tios 1.83 [95% Cl, 0.8-4.19], 1.09 [95% Cl, 0.62- 
1.92], and 0.68 [95% Cl, 0.37-1.26], respectively). 
Open PN has been shown to have shorter opera- 
tive times but increased estimated blood loss 
along with increased hospital length of stay (Ta- 
ble 1). Regardless of the approach, there have 
been similar rates of major complications between 
all groups, with rates between 1% and 
10%.28,90-82,54-44 A meta-analysis by Shen and 
colleagues?” combined 16 comparative studies 
between robotic PN and open PN and found that 
robotic-assisted PN had a lower rate of periopera- 
tive complications compared with open PN. Many 


of these comparative studies, however, reflect sur- 
geon biases and lack details about intricacies of 
tumor complexities that likely influenced patient 
selection and outcomes. Finally, an open 
approach allows for the ability to implement cold 
ischemia compared with minimally invasive ap- 
proaches that normally use warm ischemia, 
although several investigators described applica- 
tion of cold ischemia in MISs.*°-°! 

Over the course of the past decade, it has been 
shown that laparoscopic PN is technically 
demanding and often is performed only by 
higher-volume surgeons, whereas robotic PN has 
been more widely adopted because the robotic 
platform allows for increased dexterity, improved 
visualization, and limitation of tremor.*° Leow 
and colleagues*° recently performed a meta- 
analysis combining 4919 patients undergoing 
laparoscopic PN or robotic PN and found a benefit 
in favor of RPN for any complications, major com- 
plications, WIT, and positive margin rates. It is 
possible that the technical improvements with 
the robotic platform and 3-D vision may offer 
improved perioperative and possibly oncologic 
outcomes compared with laparoscopic PN. 
Nevertheless, the decision to choose one 
approach versus another depends on surgeon 
experience and skills, technologic availability, tu- 
mor location, and size of the renal mass that may 
necessitate increased ischemia times. All surgical 
options seem to provide adequate oncologic and 
perioperative outcomes when performed properly. 


NEPHROMETRY SCORING 


To quantify the complexity and difficulty of per- 
forming a PN there have been different scoring 
systems developed, including radius, exophytic/ 
endophytic properties of the tumor, nearness of 
the deepest portion of the tumor to the collecting 
system, anterior/posterior descriptor and location 
relative to the polar line (RENAL); preoperative as- 
pects and dimensions used for anatomic classifica- 
tion system (PADUA); and centrality index.°*-°° The 
RENAL nephrometry scoring has been more uni- 
versally adopted to describe the complexity of a 
renal mass prior to PN. Although there is not a clear 
correlation with RENAL score and type of PN per- 
formed, often high-complexity, endophytic tumors 
are performed open, given the extensive dissection 
required and expected longer ischemia times.°’ 
Nevertheless, a few series of high-complexity 
tumors undergoing minimally invasive PN, whether 
robotically or purely laparoscopically, report 
increased WIT and higher complication rates.°°°° 
In select hands, high-nephrometry tumors can still 
undergo robotic PN with similar outcomes.°' 


Table 1 


Surgical Techniques in the Management 


Perioperative factors for patients undergoing open partial nephrectomy, laparoscopic partial 
nephrectomy and robotic-assisted partial nephrectomy in multiple patient series 


Surgery 
(N) 

17 RPN 
11 LPN 
45 OPN 
75 RPN 
75 LPN 
129 RPN 
118 LPN 
40 RPN 
62 LPN 
771 LPN 
1028 OPN 
85 LPN 
58 OPN 
100 LPN 
100 OPN 
66 LPN 
59 OPN 
149 LPN 
301 OPN 
937 RPN 
863 OPN 
100 RPN 
179 OPN 
190 RPN 
190 OPN 


87 RPN 
56 OPN 


Series 
Lucas et al, 2012 


Haber et al,“' 2010 


Benway et al,*? 2009 


Wang & Bhayani, 1? 2009 


Gill et al,4° 2007 
Permpongkosol et al, 2006 
Marszalek et al,^? 2009 
Schiff et al,“* 2005 

Minervini et al,?8 2014 
Peyronnet et al,?' 2016 
Takagi et al,” 2016 

Wang et al,?? 2016 


Kara et al,?° 2016 


Operative 
Time (min) 


190 
195 
147 
200 
197 
189 
174 
140 
156 
201 
206 
225 
275 
85 

150 
144 
239 


143 


131. 


153. 
146. 


190 
193 


141. 
148. 


185 
206 


Estimated Blood 
Loss (mL) 


100 
100 
250 


323 
222 
155 
196 
137 
173 
300 
376 
437 
427 
323 
222 
236 
363 
164 
221 
275.1 
359.5 
35 
192 
196.8 
240.8 


175 
341 


Warm Ischemia 
Time (min) 


2 


2 
6 


7 
5 


Abbreviations: LPN, Laparoscopic partial nephrectomy; OPN, Open partial nephrectomy; RPN, Robotic-assisted partial 


nephrectomy. 


RENAL ISCHEMIA 


Renal hilar control is generally obtained prior to 
performing tumor excision during a PN. Clamping 
of the renal hilum allows for improved visualization 
and a bloodless field during removal of the tumor 
and during renorrhaphy. Unfortunately, renal dam- 
age due to ischemia, reperfusion injury after the 
reestablishment of blood flow, and excision of 
nephron mass likely contribute to the renal dam- 
age.°* Type of ischemia and ischemia time are 
important for PN long-term outcomes, with multi- 
ple studies demonstrating the length of ischemia 
resulting in subsequent and often permanent renal 
damage.°*-’° Cooling the kidney down after 
clamping of the hilum may allow for a longer period 
of ischemia time; however, the upper limits of 
acceptable cold ischemia have not been estab- 
lished.°° °° Difficulty with cooling the kidney 


intracorporeally during MIS approaches often 
limits urologists to shorter periods of warm 
ischemia. It has been suggested that a warm 
ischemia time (WIT) longer than 25 minutes leads 
to irreversible long-term renal damage, although 
the quality and quantity of preserved renal paren- 
chyma are likely as important.°°-’° Some investi- 
gators suggest that WIT should be treated more 
as a continuous variable and that every increased 
minute of ischemia time leads to more renal dam- 
age.” As the ability to perform PN using minimally 
invasive approaches increases, the amount of ex- 
pected WIT must be taken into account. If the PN 
is likely performed with WIT greater than 25 mi- 
nutes, it is possible that a different approach that 
allows for either cold ischemia or a shorter WIT is 
preferable. With the goal of limiting extended 
WIT, there have been multiple attempts at different 
surgical techniques and different clamping 
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techniques. There have been some various results 
that find a benefit to limiting global ischemia and 
others that have found that for a patient with 2 kid- 
neys, the type of ischemia does not matter in out- 
comes as long as ischemia time is kept at less than 
25 minutes.’*:’© Recognizing limitations of the 
warm ischemia, in 2009 Boris and colleagues”? 
from the National Cancer Institute described 
completely off-clamp robotic PN even in the 
setting of multiple tumors. 


CONTROL OF RENAL HILUM 


To create a bloodless field to allow for optimal 
visualization, one option for hilar control is to 
clamp both renal artery and renal vein to provide 
global ischemia. After adequate dissection and 
separation of the artery and vein into 2 distinct 
packets, these can be clamped individually and 
all blood flow to the kidney cut off. Alternatively, 
clamping the artery and vein together could pro- 
vide for the same bloodless field. An alternative 
option for control of the renal hilum is to clamp 
the renal artery only and without the renal vein. 
Some evidence suggests that leaving the vein 
unclamped allows for decompression of the kid- 
ney along with back perfusion of the kidney from 
the venous system, potentially lessening the 
extent of the ischemia to the kidney. For example, 
one study showed that the back perfusion effects 
are different when comparing open surgery versus 
laparoscopic surgery and that the pneumoperito- 
neum decreased the venous backflow and perfu- 
sion and ultimately led to no change in renal 
functional outcomes.’? Multiple retrospective 
studies evaluating outcomes after PN, however, 
have shown a possible benefit in renal function 
when clamping artery alone.’°°° Blum and col- 
leagues®° found that in their series there was no 
difference in renal outcomes when comparing 
the 2 groups. 


Early Unclamping 


With the biggest effects on renal functional out- 
comes stemming from ischemia time, techniques 
were developed to limit warm ischemia as much 
as possible. Early unclamping of the renal hilum 
is a technique that can be employed during both 
open surgery and MIS. It allows for a relatively 
bloodless surgical field during the tumor resection, 
minimizing ischemia time, and direct visualization 
of the surgical defect to identify any arterial 
bleeders that may be present prior to completion 
of the renorrhaphy. In early unclamping, the renal 
hilum is unclamped after the initial central running 
suture of the renorrhaphy. After the early unclamp- 
ing, all remaining (usually small) bleeding vessels 


are oversewn prior to completion of the renorrha- 
phy with return of normal renal blood flow early. 
This technique has been adopted during MIS PN 
to shorten the WIT and has been shown to signifi- 
cantly shorten the ischemia times.®*°° Because of 
identification of any arterial bleeding that may 
need additional suturing prior to parenchymal 
reapproximation, Kondo and colleagues? found 
that the early unclamping decreased rate of pseu- 
doaneurysm formation because the arterial 
bleeding is stopped prior to completion of 
renorrhaphy. 


Superselective Camping 


The natural progression for development of renal 
hilar dissection continued further to include a 
microvascular dissection with the goal of further 
dissecting the renal artery branches to the second 
order or third order to only clamp or ligate those 
vessels feeding the tumor itself. This technique 
had started with artery dissection of peripheral 
tumors but has since been adapted for central, hi- 
lar, endophytic tumors. The perceived benefit of 
clamping only the artery feeding the tumor and a 
small amount of normal surrounding renal paren- 
chyma is seen as avoidance of global ischemia 
of the kidney with only regional or minimal 
ischemia to renal parenchyma. This technique re- 
quires more extensive vascular dissection and 
can be performed robotically or using a pure lapa- 
roscopic approach. Some investigators suggest 
that superselective dissection is aided with 3-D 
remodeling of the cross-sectional imaging to 
outline the vasculature to the kidney and the tumor 
itself.2”°° The initial technique was described by 
Shao and colleagues®? and, later, controlled 
hypotension was tried during the dissection to limit 
the blood loss but can be performed using stan- 
dard anesthesia and normotensive conditions.°° 
Because the dissection is carried out further to 
segmental branches, some investigators refer to 
this technique as a zero-ischemia technique 
because minimal renal parenchyma experiences 
ischemia. Although some studies have found a 
benefit in renal outcomes compared with global 
ischemia of the kidney,°'~°° others showed that 
in patients without impaired renal function there 
was no difference in positive margin rates, compli- 
cations, or renal outcomes when performing a pro- 
pensity score analysis in these patients. '°° 


Off-Clamp 


An additional option for renal hilar control is to 
perform the PN off-clamp, without any change in 
renal blood flow, resulting in zero-ischemia. This 
technique is the easiest when performed for 


exophytic small masses that require minimal 
renorrhaphy and minimal dissection for the tumor 
resection. Prior to excision of the tumor, the hilum 
is prepared so that clamping could be performed 
quickly if needed during surgery. Performing a 
PN off-clamp this does not let the kidney undergo 
any ischemia and should have minimal to no effect 
on postoperative renal function. There is a higher 
risk of blood loss given the surgery is performed 
on a normally perfused kidney. At completion of 
the renorrhaphy, however, there is clear identifica- 
tion of hemostasis. This technique can be useful in 
the setting of a solitary kidney or in patients with 
marginal renal function in which any insult to the 
kidney may push them in to renal failure. 


EXTIRPATION METHOD 
Standard Partial Nephrectomy 


Classically, when performing a PN, the tumor is cut 
out with a margin of normal renal parenchyma sur- 
rounding it. This margin has been recommended 
to be initially at 1 cm to allow for any abnormal 
or invasive growth of the tumor to be encom- 
passed in the resection. This initial suggested 
margin was an arbitrary distance, however, and 
as yet there is no clear consensus of the minimal 
margin needed during a PN. Series report an 
acceptable margin rate of 1 mm to 5 mm.'0'~1° 
Even in those patients with a positive margin, 
oncologic outcomes may not be compro- 
mised.'°7-'°° Although an in-depth discussion of 
the width of the margin is beyond the scope of 
this article, not all positive margins are the same 
and every attempt should be made to achieve 
negative margins and avoid tumor violation. After 
the resection of the tumor and surrounding paren- 
chyma, a renorrhaphy is often required to close 
any collecting system defect (if created), oversew 
any bleeding vessels or sinuses, and then manage 
the residual defect by either reapproximation and 
closure of the renal parenchyma or using 
hemostatic agents and possibly bolsters. Perform- 
ing a PN for SRMs has been associated with 
good oncologic outcomes with a cancer-specific 
survival at 10 years or approximately 97% 
to 100%,1'01"" 


Tumor Enucleation 


Although traditionally reserved for patients with 
hereditary renal syndromes with multiple tumors, 
such as von Hippel-Lindau disease, some investi- 
gators believe that this may be a reasonable tech- 
nique for cases of sporadic renal tumors. The 
basis for the argument for enucleation is that there 
is not a need for a measurable margin and the 
resection is deemed adequate as long as the 
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pseudocapsule of the tumor is without any 
violation. 

Some forms of RCC form a pseudocapsule that 
is clearly delineated and separate from the renal 
parenchyma. It is from this differentiation that tu- 
mor enucleation was developed that allows for 
excision of the tumor along a natural plane that 
does not require any excision of normal renal 
parenchyma. Enucleating the tumor along this 
plane using largely a blunt dissection tends to 
have a less overall blood loss, because there are 
minimal vessels crossing over into the plane 
between the pseudocapsule and renal paren- 
chyma. In addition, there is minimal to no renorrha- 
phy required, because there is not any disruption 
of the renal parenchyma along this dissection 
plane, thus potentially making it a maximal 
nephron-sparing approach. 

Enucleation has been found to have equivalent 
cancer-specific survival outcomes in a multicenter 
European study (P 5 .76, pathologic T1a RCC). ''? 
Despite a perceived advantage of enucleation, se- 
ries evaluating functional outcomes of tumor 
enucleation versus standard PN found a similar 
change in glomerular filtration rate between 
groups along with similar rates of complications 
between groups.''*''” Many of these studies 
are limited by a 2-kidney model and lack of com- 
parison for renal tumor complexity and patient fac- 
tors. Some potential improvements in renal 
functional outcomes/nephron sparing with this 
technique may not play a clinical significance in 
many situations. Some investigators have per- 
formed tumor enucleation for high RENAL nephr- 
ometry or PADUA scores laparoscopically and 
robotically.o1:118:119 


Enucleoresection 


Another technique has been developed that com- 
bines a standard PN and a tumor enucleation. 
The enucleoresection involves taking a small rim 
of renal parenchyma along the tumor and 
continuing with a minimal margin or renal paren- 
chyma with the tumor. The tumor is usually 
removed sharply with cold scissors. This tech- 
nique also has been shown to have similar onco- 
logic and perioperative outcomes to simple 
enucleation.''? With this technique there has not 
been an established margin needed for optimal 
outcomes. Jeong and colleagues'°' found that a 
majority of their series had a mean margin of 
less than 3 mm and had no increased positive 
margin rate. The minimal margin technique with 
a goal of 1-mm margin for the dissection has 
also had good perioperative and renal functional 
outcomes, °? 
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Surface-Intermediate-Base Margin Score 


To standardize the reporting of tumor resection 
and classifying tumor enucleation, Minervini and 
colleagues'*° have developed the surface- 
intermediate-base margin score (SIB). This score 
takes in to account the amount of overlying tissue 
from the 3 locations of the tumor after resection. It 
allows for classification of the resection in to 5 cat- 
egories (pure enucleation, hybrid enucleation, 
pure enucleoresection, hybrid enucleoresection, 
and resection) based on the total SIB sum and al- 
lows for more objectivity in reporting of PN surgical 
techniques. The SIB score has been subsequently 
validated on histopathology to show that the 
macroscopic evaluation and grading correlate 
with microscopic analysis. '*! 


SUMMARY 


With increasing detection on cross-sectional im- 
aging, the presentation of patients with SRMs is 
an increasingly common scenario for urologists, 
with management requiring multiple technical skill 
sets to perform a successful operation. The most 
important factor is still to separate patients who 
can be safely observed from those who need an 
intervention. When a decision to operate is 
made, however, there are multiple factors that 
must be taken into account for the surgical man- 
agement. The surgical approach must be appro- 
priately decided between open surgery or MIS 
and should be tailored to surgeon skills and com- 
fort level and to patient and tumor factors. An un- 
derstanding and visualization of vascular anatomy 
and appreciation of the complexity of the tumor 
are required prior to dissection and extirpation. 
Finally, understanding and knowledge of various 
ways for the tumor extirpation using multiple tech- 
niques based on patient and surgeon factors are 
important. Only with careful adherence of key 
oncologic and surgical principles can negative 
margins, no complications, and no or minimal 
decline in renal functional outcomes be achieved. 
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KEY POINTS 


INTRODUCTION 


Renal masses are commonly encountered in uro- 
logic practice, with approximately 63,000 new 
cases diagnosed each year in the United States. ' 
Furthermore, the incidental discovery of small 
renal masses has increased in recent years largely 
due to expanded utilization of abdominal imaging, 
including computed tomography (CT) and other 
modalities.2 For small, clinically localized renal 
masses, partial nephrectomy (PN) is the current 
reference standard according to most commonly 
used treatment guidelines.>° The driving force 
behind the use of PN in this setting is the reduced 
risk of both acute and long-term renal dysfunction 
with nephron-sparing surgery when compared 
with radical nephrectomy (RN). However, PN still 
carries risk of renal insufficiency secondary to the 


[Renal cell carcinoma Mpartial nephrectomy Eischemia “Functional recovery 


[Quantity and quality of preserved renal parenchyma are the most important determinants of func- 
tional recovery after partial nephrectomy, with ischemia playing a secondary role. 

[Cold ischemia is protective, but recovery from limited warm ischemia also appears to be strong. 

[ZExtended warm ischemia can lead to irreversible ischemic damage and should be avoided, 
although the threshold at which this occurs has not been well established. 

[Surgical techniques to eliminate ischemia during partial nephrectomy have been explored, but a 
long-term functional benefit has not been unequivocally demonstrated. 

[Further work regarding acute renal dysfunction and implications for long-term outcomes is needed. 


removal of nephrons and/or as a result of ischemic 
injury induced by vascular clamping. The relative 
importance of these factors and the long-term clin- 
ical implications of renal ischemia remain issues of 
debate in our field.” We endeavor to provide an 
overview of the evidence regarding the relation- 
ship between ischemia and functional outcomes 
following renal surgery, as well as a brief discus- 
sion of new developments and ongoing research. 


DISCUSSION 
Chronic Kidney Disease Following Renal 
Cancer Surgery 


In recent years, the long-term implications of 
decreased renal function as a result of renal can- 
cer surgery have been increasingly recognized, 
and various strategies to minimize the incidence 
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of chronic kidney disease (CKD) have been 
explored.®° The significance of CKD was high- 
lighted in a landmark population-based study 
that identified a direct correlation between degree 
of CKD and rates of cardiovascular morbidity, hos- 
pitalization, and death. ‘'° This focus on the delete- 
rious implications of CKD has subsequently been 
applied to renal cancer surgery, although the true 
effects of renal dysfunction in this setting may 
not be as clear. 

The results of EORTC 30904, a randomized trial 
comparing PN versus RN" provide further insight 
into this issue. Although PN was associated with 
better renal function after surgery, there was no 
significant difference noted in overall survival or 
incidence of cardiac events between the RN and 
PN cohorts. Further analysis demonstrated that 
the rates of severe CKD and renal failure were 
similar between the groups.'* This suggests that 
reduced renal function after renal cancer surgery 
does not necessarily lead to decreased overall 
survival, and perhaps not all CKD confers the 
same adverse long-term consequences. CKD 
related to medical etiologies (CKD-M) is typically 
induced by chronic disorders that are ongoing 
and will continue to adversely impact renal func- 
tion over time. Conversely, CKD primarily related 
to surgical removal of nephrons (CKD-S) is the 
result of an isolated event and further decline in 
function is less likely once the new baseline 
glomerular filtration rate (GFR) has been estab- 
lished. Published literature to date has evaluated 
this hypothesis and, indeed, suggests that CKD- 
S has a lower rate of functional decline and less 
impact on survival than CKD-M.13-14 

The clinical relevance of these findings is 
germane to this discussion with regard to the sig- 
nificance of CKD after renal cancer surgery. 
Although certain clinical situations, such as a soli- 
tary kidney mandate maximal nephron sparing, 
one must consider the oncologic potential of larger 
masses and potential risks of PN against the impli- 
cations of surgically induced GFR decline when 
making clinical decisions in patients with a healthy 
contralateral kidney. The previous discussion 
notwithstanding, PN remains the recommended 
treatment modality for small renal masses, and it 
is certainly preferred in many cohorts, particularly 
patients with preexisting CKD.° Thus, efforts 
have been made to identify the factors that predict 
functional outcomes after PN, and to develop sur- 
gical strategies to optimize these outcomes. 


Renal Function After Partial Nephrectomy 


Renal function preservation after PN is of great 
importance in many patients with localized renal 


masses, particularly in the setting of a solitary kid- 
ney, preexisting CKD, proteinuria,’ or multiple/ 
bilateral renal masses. Although an important 
goal of PN is to optimize preservation of renal 
function, any PN will be associated with some de- 
gree of functional decline secondary to loss of vas- 
cularized nephron mass and the potential for 
irreversible ischemic damage. To date, most 
studies report approximately 10% decline in 
global GFR after clamped PN for patients with a 
healthy contralateral kidney,? and this average 
functional loss has been rather consistent in the 
literature. '°'” Further work focused on functional 
recovery specifically within the operated kidney 
has identified an average recovery of 80% of ipsi- 
lateral GFR after PN.'®:'° Thus, the literature in this 
realm has been consistent in suggesting that the 
typical clamped PN preserves, on average, 80% 
of function in the operated kidney and 90% of 
global GFR. 

Regarding the functional loss associated with 
PN as discussed previously, many investigators 
have considered the potential role that ischemia 
may play in this process. Ischemia related to 
clamped PN has the potential to create injury to 
nephrons through several hypothesized mecha- 
nisms, including vasoconstriction with abnormal 
endothelial cell compensatory response, tubular 
obstruction with backflow of urine, and reperfusion 
injury.2° More recent study of human kidneys us- 
ing serum biomarkers and histologic analyses of 
serial biopsies during clamped PN suggests that 
the kidney may be more tolerant to ischemia 
than previously thought.*' Thus, the degree to 
which irreversible ischemic injury occurs during 
PN remains a subject of debate. 

One hypothesized method to assess the degree 
of potential ischemic impact on the operated kid- 
ney during clamped PN is to evaluate for atrophy 
of the preserved renal tissue several months after 
surgery. Several studies have assessed this 
through a variety of methods and have reported 
no substantial atrophy after clamped PN.2?-*4 In 
this context, failure of nonatrophied residual pa- 
renchyma to regain function after PN provides an 
alternate potential explanation for post-PN func- 
tional decline. This hypothesis posits that if the 
percent GFR preserved after PN failed to match 
the percent parenchymal mass preserved, one 
would presume a subset of the remaining neph- 
rons failed to recover from the ischemic insult. 
Several studies have assessed this issue, and 
have consistently found that most nephrons 
recover strongly following ischemia during PN 
with a nearly 1:1 relationship between preservation 
of parenchymal mass and functional out- 
comes.'®?°:26 These fundamental findings 


strongly suggest that nephron mass preservation 
is of paramount importance. However, other 
studies focused on the potential roles of type 
and duration of ischemia, which are the most 
readily modifiable factors that can impact func- 
tional recovery, merit further consideration. 


Warm Versus Cold Ischemia 


Hypothermia has long been used in transplant 
surgery to provide several hours of renal pro- 
tection during ischemia, with strong recovery 
observed in most kidneys. Hypothermia was tradi- 
tionally used uniformly during open PN, and is still 
commonly applied for open PN at many centers, 
particularly when prolonged clamp time is antici- 
pated. Many urologists, however, use warm 
ischemia for PN for small renal masses, particu- 
larly with minimally invasive approaches. Perhaps 
the most relevant question in evaluating these 
ischemia modalities pertains to the potential 
benefit of hypothermia relative to warm ischemia 
for functional recovery. Zhang and colleagues?’ 
evaluated this issue in a series of 277 PNs and 
reported median recovery from ischemia of 99% 
for the cold ischemia cohort versus 91% for 
warm ischemia (Fig. 1, P<.05). However, median 
recovery was strong in both groups (>90% ), even 
when ischemia times were prolonged to 25 to 
35 minutes. This and other studies in the literature 
suggest that, although cold ischemia may provide 
slightly more robust and reliable recovery, 
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particularly when ischemia times are prolonged, 
these benefits appear to be relatively modest. 


Role of Ischemia Time 


Selected landmark studies about determinants of 
functional recovery after PN are summarized in 
Table 1. As outlined in Table 1A, early works in 
this realm suggested ischemia duration was a 
strong predictor of postoperative functional 
outcomes.*°*' Most notably, Thompson and col- 
leagues,*' evaluating solitary kidneys undergoing 
PN using warm ischemia, reported that longer 
warm ischemia time (WIT) is associated with acute 
renal failure, early need for renal replacement 
therapy, and new-onset stage IV CKD. Further- 
more, these investigators reported that each addi- 
tional minute of WIT is associated with a 6% 
increased incidence of de novo severe CKD. 
These findings led the investigators to conclude, 
“Every minute counts when the renal hilum is 
clamped.” Although this hypothesis gained wide 
acceptance in the field, the results of these studies 
were misleading due to failure to incorporate a 
crucial factor into the analyses: amount of pre- 
served renal parenchyma. 

In an attempt to further evaluate the true determi- 
nants of renal function after PN, Thompson and 
colleagues** subsequently re-analyzed their 
cohort, with inclusion of subjective estimation of 
percent parenchyma preserved as a covariate. In 
this analysis, only percent parenchyma preserved 


Cold Warm <25 


ischemia ischemia 


Fig. 1. Impact of type and duration of ischemia on functional recovery after PN. Recovery from ischemia is 


Cold ischemia time (min) 


25-35 >35 <25 25-35 >35 
Warm ischemia time (min) 


defined as percent function saved normalized by percent parenchymal mass saved in the operated kidney, and 


would be 100% if all preserved nephrons recovered completely from the ischemic insult during PN. Box plots 


show median values with interquartile ranges. Extreme values, defined as those more than 1.5 times (Q3-Q1) 
away from either Q1 or Q3, are shown as individual points. The range of values is also shown excluding the 
extreme points. Hypothermia (blue) and warm ischemia (red) cohorts are shown along with a breakdown of 
ischemic intervals. (From Zhang Z, Zhao J, Velet L, et al. Functional recovery from extended warm ischemia asso- 
ciated with partial nephrectomy. Urology 2016;87:110; with permission.) 
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Table 1 
Select studies on renal ischemia and functional outcomes following partial nephrectomy 


Study 


Solitary/Bilateral 
Kidney 


Study Goal 


A. Sudies without consideration of nephron mass preserved 


Major Findings 


Implications 


Lane et al,’ 2008 


Thompson et al,7° 
2007 


Porpiglia et al,°° 


2007 


Thompson et al,°' 
2010 


Yossepowitch 
et al,°° 2006 


Solitary kidney 
(n 5 215) 

Bilateral kidneys 
(n 5 954) 

Solitary kidney 
(n 5 537) 


Bilateral kidneys 
(n 5 18) 


Solitary kidney 
(n 5 362) 


Solitary kidney 
(n 5 70) 

Bilateral kidneys 
(n 5 592) 


Evaluate independent factors 
predicting functional 
outcomes after PN. 


Evaluate functional effects of 
vascular clamping on patients 
with solitary kidneys. 


Evaluate impairment of renal 
function after PN with warm 
ischemia >30 min. 

Evaluate short-term and long- 
term functional effects of 
warm ischemia in patients 
with solitary kidney 
undergoing PN. 


Evaluate role of ischemia and 
short-term and long-term GFR 
changes after temporary cold 
ischemia. 


Increasing age, male gender, lower 
preoperative GFR, solitary kidney, tumor 
size, and longer ischemic interval 
predicted lower GFR after PN. 

Warm ischemia longer than 20 min and 
cold ischemia longer than 35 min were 
associated with acute renal failure. 
Warm ischemia >20 min associated with 
new-onset CKD. 

Kidney damage associated with PN when 
warm ischemia was >30 min. 


Asa continuous variable, WIT was 
associated with acute renal failure, GFR 
<15 in postoperative period, and new- 
onset stage IV CKD. Risk of de novo 
severe CKD increased 6% with each 
minute of warm ischemia. Ischemia 
time >25 min provided distinction for 
predicting these endpoints. 
Investigators concluded: “every minute 
counts.” 

Cold ischemia time associated with early 
GFR changes; however, ischemia time 
wasnot a significant predictor of GFR at 
1 y after surgery. 


When quantity of preserved 
parenchyma isnot accounted 
for in the analysis, ischemia 
duration was associated with 
adverse short-term and long- 
term functional outcomes. 


Cold ischemia time did not 
correlate with long-term 
functional outcomes. 
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B. Sudies with subjective estimation of nephron mass preserved 


Lane et al,'° 2011 Solitary kidney 
(n 5 660) 


Determine predictors of new 
baseline GFR after PN with 
warm or cold ischemia in 
solitary kidneys. Parenchymal 
mass preservation estimated 
subjectively by primary 
surgeon. 

Evaluate effects of WIT and 
quantity and quality of 
kidney preserved on renal 
function after PN. 
Parenchymal mass 
preservation estimated 
subjectively by primary 
surgeon. 

C. Sudies with objective measurement of nephron mass preserved 


Thompson et al,°* Solitary kidney 
2012 (n 5 362) 


Percentage of parenchyma spared during 
PN and preoperative GFR predicted 
functional outcomes. Ischemia time was 
not a significant predictor. 


Percent GFR preserved and preoperative 
GFR were associated with new-onset 
stage IV CKD. WIT >25 min also 
associated with new-onset CKD. 


Nephron quantity and quality 


are the most important 
determinants of renal 
function after PN. Ischemia 
duration plays a secondary 
role and does not appear to 
be important unless 
prolonged warm ischemia has 
been applied. 


Song et al, 2011 Bilateral kidneys 
(n5 116) 


Assess change in ipsilateral 
renal function after 
laparoscopic PN. Objective 
volume analysis completed 
via CT. 

Mir et al,°° 2013 


Solitary kidney Determine relative effect of 


(n 5 37) ischemia and parenchymal 
Bilateral kidneys volume preservation on renal 
(n 5 55) function after PN. Objective 


volumetric analysis 
completed via CT. 

Evaluate relative contributions 
of parenchymal preservation 
and ischemia to functional 
outcomes after PN. Objective 
volumetric analysis 
completed via CT. 


Ginzburg et al, Bilateral kidneys 
2015 (n 5 179) 


Preoperative renal function and percent 
renal parenchymal volume reduction 
were associated with postoperative 
functional outcomes. WIT was not a 
significant predictor of postoperative 
renal function. 

Percent GFR preserved was most strongly 
associated with percent parenchymal 
volume saved, and hypothermia was 
protective. Ischemia time did not 
correlate with percent GFR preserved. 


At 6 mo postoperative, preoperative GFR 
and percent functional volume 
preservation were associated with 
percent GFR preservation. WITwasnot a 
significant predictor. 


Residual functional 


parenchymal volume, not 
ischemia time predicts 
ultimate renal function. 


(continued on next page) 
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Table 1 
(continued ) 


Solitary/Bilateral 
Study Kidney Study Goal Major Findings Implications 


Zhang et al,” 2015 Solitary kidney Evaluate impact of extended AKI correlated with solitary kidney and AKI after PN correlates with 
(n 5 83) warm ischemia on incidence duration, but not type of ischemia. duration of ischemia. 
Bilateral kidneys of AKI and functional Median recovery from ischemia in Recovery from ischemia is 
(n 5 194) recovery after PN. Evaluated operated kidney was 99% for cold most reliable when cold 
loss of parenchymal mass ischemia and 92% for warm ischemia. ischemia is used, and most 
using objective volumetric Even with WIT >35 min, median recovery patients recover fairly well, 
analysis via CT. from ischemia was 91%. even with relatively long 
warm ischemia. 
D. Sudies using biomarkers and histology 


Parekh et al,7' Bilateral kidneys Prospectively evaluate renal Renal function changes did not correlate Ischemia time of 30-60 min was 
2013 (n 5 40) response to ischemia and with ischemia duration. Renal structural/ associated with only mild 
reperfusion in humans, histologic changes were less severe than structural changes. Even with 
including histologic changes seen in animal models using similar prolonged warm ischemia, 
and biomarkers of AKI. ischemia durations. most nephrons recovered 
fairly well, suggesting that 
longer ischemia duration may 
not be as deleterious as 
previously thought. Limited 
number of patients precludes 
definitive conclusions. 


Abbreviations: AKI, acute kidney injury; CKD, chronic kidney disease; CT, computed tomography; GFR, glomerular filtration rate; PN, partial nephrectomy; WIT, warm ischemia time. 
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and preoperative GFR (not WIT) remained signifi- 
cant predictors of new-onset stage IV CKD. The 
investigators concluded that the quality and quan- 
tity of nephrons preserved after PN are the most 
important predictors of long-term renal function. 
Similar findings have been reported by several 
investigators, suggesting a more limited impact of 
ischemia duration on long-term function, as out- 
lined in Table 1B.1833-34 These initial subjective an- 
alyses of parenchymal volume preserved have 
been augmented by more robust studies using 
objective measurement of nephron mass pre- 
served from preoperative and postoperative CT 
scans. These studies, outlined in Table 1C, D 
have reported analogous findings emphasizing 
quantity of preserved parenchyma as perhaps the 
most crucial factor in predicting functional changes 
after PN.7°:°5°° It is important to note that most of 
these studies were predominantly composed of 
patients managed with either hypothermia or 
limited warm ischemia. Hence, conclusions about 
the marginal impact of ischemia may not apply to 
more prolonged durations of ischemia. 

In summary, the preponderance of evidence 
demonstrates that most nephrons recover their 
preoperative function after clamped PN, as long 
as prolonged warm ischemia is avoided.*”°° The 
exact time at which the effects of ischemia 
become irreversible remains, however, a source 
of great controversy in the field. Most believe 
that irreversible damage starts to occur after 
approximately 25 to 35 minutes when warm 
ischemia is applied, whereas cold ischemia is 
much more protective and can be safely extended 
to much longer intervals if necessary. 


Zero-Ischemia Partial Nephrectomy 


Despite evidence that ischemia appears to play a 
secondary role in determining functional outcomes 
after PN, many investigators have continued to 
evaluate novel techniques to remove ischemia 
from the equation. As summarized in Table 2, 
several recent publications in this realm have 
explored unclamped PN in comparison with tradi- 
tional clamped PN. Many of these studies suggest 
improved long-term functional outcomes after 
unclamped PN,°’~° but selection bias may be a 
contributing factor and nephron mass preserva- 
tion was not incorporated into most of the ana- 
lyses. Others have performed preoperative 
superselective transarterial tumor embolization“ 
and/or renal artery branch microdissection*?~“° 
with attempts to eliminate hilar clamping and 
perform PN under minimal ischemia. Early results 
suggest that these techniques may be technically 
feasible in experienced hands and may provide a 
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benefit for patients in whom preservation of renal 
function is paramount, such as those with severe 
preexisting CKD.*° However, increased periopera- 
tive blood loss and longer operative times have 
been reported in many of these studies, and these 
procedures are technically more demanding, so 
the learning curve can be steeper. Other concerns 
include the relatively limited sample sizes and 
follow-up durations reported in many of these 
studies. 

Perhaps the most pertinent question pertains to 
how the functional recovery in these zero-ischemia 
PN series compares with what has been published 
in traditional clamped PN series. If “nonischemic” 
PN were truly worth the additional risks involved, 
one would expect to see substantial improve- 
ments in functional recovery in comparison with 
clamped PN. On review of the literature, however, 
this does not appear to hold true in a consistent 
fashion, with zero-ischemia cohorts demon- 
strating global functional preservation of 86% to 
87% ,“* 89% ,*4 and 92% *’ in recent publications. 
In reality, such GFR preservation outcomes are 
rather similar to the approximately 90% global 
GFR preservation noted in multiple clamped PN 
studies.° Thus, one must question the extent to 
which zero-ischemia techniques truly result in 
improved functional outcomes after PN. Further 
research in this realm and longer follow-up after 
application of these zero-ischemia techniques 
will be required to provide additional insight into 
this issue. 


Maximizing Nephron Mass Preservation 


Given that volume of preserved vascularized pa- 
renchyma is a critical predictor of functional out- 
comes, recent technical modifications have 
focused on limiting the amount of adjacent paren- 
chyma removed during tumor resection. Previous 
publications have reported analyses of tumor 
enucleation*® and “minimal margin” PN*° demon- 
strating the technical feasibility of these tech- 
niques. Such approaches are well accepted for 
patients with familial renal cell carcinoma (RCC), 
and perhaps for patients with severe preexisting 
CKD, but their role for most patients with sporadic 
RCC remains controversial. A recent analysis 
focused on the functional implications of the 
enucleation strategy, and demonstrated that 
enucleation preserved 96% of the ipsilateral 
parenchymal mass compared with 89% for stan- 
dard PN (P 5 .003); however, the functional advan- 
tage of enucleation was marginal and did not 
reach statistical significance (96% global GFR pre- 
served for enucleation vs 93% for standard PN, 
P 5 .2).°° Further study with larger sample sizes 
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Table 2 
Select studies on limited or zero ischemia during partial nephrectomy 
Number of 
Study Patients Surgical Approach Study Goal Major Outcomes Reported Comment 
Thompson Zero ischemia PN Open PN (n 5 411) Compare short-term and long-term Clamped PN associated with increased Selection bias 
et al,°” 2010 (n 5 96) Laparoscopic PN effects of warm ischemia vs zero- risk of acute renal failure and may bea 
Clamped PN (n5 47) ischemia PN in solitary kidney. development of de novo stage IV contributing 
(n 5 362) CKD. factor in many 
Smith et al, Clamped PN Open PN Evaluate perioperative outcomesof Higher blood lossand transfusion rate studies and 
2010 (n 5 116) unclamped PN. Compare outcomes in unclamped group. No difference nephron mass 
Unclamped PN between clamped and unclamped in positive margin rate. Gmilarrates preservation 
(n 5 192) PN. of complications. Unclamped PN was not 
associated with better preservation incorporated 
of GFRat 1 y. into most of the 
Kopp et al,°° Clamped PN Open PN Compare outcomes of clamped PN to Complications were similar between analyses. 
2012 (n 5 164) unclamped PN (used groups. De novo CKD was more 
Unclamped PN radiofrequency coagulation, common in the clamped group, but 
(n 5 64) nonischemic dissection with hydro- did not reach statistical significance. 
dissection, or sharp resection after 
local compression). 
Gill et al,*° Zero ischemia Robotic/ Present outcomes of zero-ischemia PN Few high-grade complications. All 
2012 (n 5 58) Laparoscopic PN with clamping of selective arterial patients with negative margins. 
branches. Ipsilateral kidney function 
associated with mean percent 
kidney excised; 21% of patients 
required blood transfusion. 
Unclamped PN feasible with MIS 
approach. 
Ng et al,“ 2012 Anatomic vascular Robotic/ Compare targeted vascular Similar perioperative outcomes 
microdissection Laparoscopic PN microdissection with superselective between groups (operative time, 
(n 5 22) clamping vs zero-ischemia PN. Goal blood loss, major/minor 
Without anatomic to evaluate role of vascular complications). Postoperative 
vascular microdissection to allow zero creatinine similar between groups. 
microdissection ischemia in medial/complex tumors. 


(n5 22) 
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Shao et al, Segmental artery Laparoscopic PN 


2012 clamping 
(n 5 125) 
Kaczmarek Clamped PN Robotic PN 
et al,*° 2013 (n 5 49) 
Unclamped 
(n 5 49) 


Hung et al,*” 
2013 


Early era(n 5 253) Robotic/ 
Conventional Laparoscopic PN 
hilar clamping 
(n 5 273) 
Early unclamping 
(n 5 212) 
Zero ischemia 
(n 5 81) 


1,44 


Desai et a Robotic PN 


2014 


Superselective 
arterial 
clamping 
(n 5 58) 

Main artery 
clamping 
(n 5 63) 


Evaluate technical feasibility of 
precise segmental artery clamping 
with dual-source CT angiography 
during laparoscopic PN. 


Evaluate outcomes in propensty- 
matched analysis between patients 


undergoing clamped, vs unclamped 


robotic PN. 

Compare outcomes across eras of 
laparoscopic/robotic PN, with 
evolving techniques with 
progressively less ischemia time. 


Compare perioperative outcomes of 
patients who underwent selective, 
tumor-specific vascular clamping vs 
main renal artery clamping. 


Number of clamped branches 
associated with postoperative renal 
function and EBL. Mean 35% 
reduction in GFRin operated 
kidney; 6% of patients required 
prolonged hospital stay for 
hematuria. 

Unclamped PN associated with shorter 
operative time, higher estimated 
blood loss, and smaller decrease in 
GFR. 

More recent eras with decreased 
warm ischemia associated with 
superior renal functional outcomes. 
No increase in positive surgical 
margins. Lower urologic 
complicationsin recent eras. Zero 
ischemia saved median of 91% of 
function compared with 89% for 
clamped PN with limited duration 
of warm ischemia. 


Superselective clamping had longer 


operative time and increased 
transfusion rates. Groups had 
similar EBL, perioperative 
complications, and hospital stay. 
Superselective group associated 
with marginally improved GFR at 
discharge and last follow-up and 
greater parenchymal preservation. 


Abbreviations: CKD, chronic kidney disease; CT, computed tomography; EBL, estimated blood loss; GFR, glomerular filtration rate; MIS, minimally invasive surgery; PN, partial 


nephrectomy. 
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and longer follow-up will be required to define the 
role of enucleation in patients with sporadic RCC 
and provide more data about the potential func- 
tional benefits, but also possible oncologic risks, 
of these procedures. 


Laparoscopic/Robotic Versus Open Partial 
Nephrectomy 


Although open PN remains commonly performed, 
laparoscopic and robotic techniques have 
become increasingly used for PN. Comparative 
studies of functional outcomes between open 
and laparoscopic approaches have reported 
similar short-term functional outcomes between 
these techniques.°' Additional study with solitary 
kidneys, when controlling for ischemia time, re- 
ported that surgical approach was not an indepen- 
dent predictor of postoperative GFR.°* Thus, 
surgical approach to PN does not appear to 
correlate directly with functional outcomes, and 
is best determined by patient and tumor charac- 
teristics, as long as cold or limited warm ischemia 
can be achieved. 


Acute Kidney Injury 


To date, the literature regarding functional out- 
comes after PN has focused on establishment of 
a new baseline GFR 3 to 12 months after surgery. 
Most studies have focused on this timeframe 
because it has correlated with long-term overall 
survival, particularly for patients with preexisting 
CKD.°° However, events within the first few days 
after surgery also may be important and may be 
more sensitive to the impact of ischemia (Fig. 2). 
Acute kidney injury (AKI) can have significant 


Serum Creatinine (mg/dL) 


Days 


short-term and long-term medical consequences. 
Previous attempts to characterize AKI after PN 
have been limited by our inability to appropriately 
classify AKI and “unmask” acute renal dysfunction 
in the presence of a healthy contralateral kidney. 
Recent work, however, provides a framework for 
urologists to better assess AKI after PN and its 
implications for functional recovery.°* 

In a study of solitary kidneys, Zhang and col- 
leagues” provide further insight into AKI after PN 
by defining novel criteria for classifying AKI. The 
new criteria were based on comparison of 
observed peak serum creatinine (SCr) to projected 
postoperative SCr, taking into account paren- 
chymal mass loss associated with PN. In contrast, 
the standard criteria for AKI compares peak 
postoperative SCr to preoperative SCr, and does 
not account for nephron mass loss. In this cohort, 
standard criteria overestimated the incidence and 
degree of AKI and failed to correlate with func- 
tional recovery. Classification of AKI by the 
proposed criteria, however, more accurately re- 
flected the impact of ischemia, and correlated 
strongly with functional recovery. 

Further work by the same investigators ad- 
dresses acute renal dysfunction in the presence 
of a functional contralateral kidney, which is typi- 
cally masked by the contralateral kidney. The 
authors developed a novel “spectrum score” to 
characterize acute renal dysfunction in the oper- 
ated kidney by using detailed volumetric and func- 
tional analysis. Each individual patient was 
evaluated for hypothesized peak postoperative 
SCr level in 2 extreme scenarios: (1) worst case 
scenario: the ipsilateral kidney completely shuts 
down temporarily due to ischemia and the patient 
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Fig. 2. Schematic of possible short-term and long-term functional outcomes following PN, in 3 hypothetical sce- 
narios. Green line represents a patient with no significant AKI and subsequent renal functional stability. Purple 
line representsa patient with perioperative AKI with good functional recovery to new baseline and no significant 
long-term renal functional deterioration. Red line represents a patient with AKI who recovers to new baseline, 
and subsequently experiences long-term renal functional decline, ultimately developing CKD. 


is entirely dependent on the contralateral kidney 
with SCr reflecting this; or (2) best case scenario: 
no ischemic injury is experienced by the ipsilateral 
kidney and rise of SCr is based entirely on loss of 
nephron mass. The observed peak SCr level for 
each patient is then placed on the “spectrum” be- 
tween these 2 extreme scenarios. Increased 
ischemia time and use of warm ischemia both 
correlated with higher spectrum score, and spec- 
trum score correlated with subsequent functional 
recovery.°° 

Most importantly, both studies identified strong 
recovery from ischemia (median of 88%-90% ), 
even when severe AKI or high spectrum score was 
observed in the early postoperative period. Thus, 
although patients are at risk of developing varying 
degrees of acute renal dysfunction following PN 
due to ischemia, most such patients experience 
relatively robust recovery of renal function.°*°° 


Future Directions 


The trajectory of research with regard to functional 
outcomes after clamped PN is outlined in Fig. 2. 
To date, most studies have focused on the new 
baseline level of renal function 3 to 12 months after 
surgery, whereas more recent work has defined 
the role of ischemia as it relates to risk of AKI. 
These studies have suggested that most kidneys 
recover most of their function to achieve a new 
baseline GFR that is primarily based on nephron 
mass preservation. The degree to which these 
nephrons may be susceptible to progressive 
long-term functional decline and CKD, however, 
has yet to be elucidated. Indeed, recent 
population-based analyses have suggested that 
AKI due to medical etiologies (AKI-M) is a risk fac- 
tor for the development of CKD and subsequent 
cardiovascular disease.°° However, AKI primarily 
due to renal surgery (AKI-S) may not carry the 
same long-term implications as AKI-M. Patients 
with AKI-M due to congestive heart failure, for 
instance, are not particularly healthy, and may suf- 
fer from recurrent episodes eventually leading to 
CKD. In contrast, AKI-S may be fundamentally 
different in that the etiology is acute rather than 
chronic, and unlikely to be repeated. Future study 
will be required to better define the relationship be- 
tween AKI after PN and long-term functional out- 
comes, and what potential role modifiable 
surgical factors (such as type and duration of 
ischemia) might play (See Fig. 2). 

Additional study is also greatly needed to 
address ongoing controversies in the field, such 
as the importance of type and duration of ischemia, 
as well as the safety and utility of zero-ischemia and 
enucleative techniques. The functional impact of 
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excised parenchymal mass associated with tumor 
resection, which can vary with surgical technique, 
such as enucleation versus standard PN, also 
merits further investigation. Furthermore, devascu- 
larization that occurs during the reconstructive 
phase of PN also may be important from a func- 
tional standpoint and will require focused study. 
Such efforts will provide additional insight about 
potentially modifiable surgical factors to maximize 
preserved vascularized nephron mass and opti- 
mize functional outcomes. 


SUMMARY 


Renal function after PN is a critical component of 
long-term kidney cancer survivorship, and signifi- 
cant advances have been made in our under- 
standing of the impact of ischemia. The quality 
and quantity of parenchyma preserved after PN 
appear to be the primary determinants of long- 
term functional outcomes. Type and duration of 
ischemia appear to play secondary roles and 
most nephrons exhibit robust functional recovery 
presuming that hypothermia or limited warm 
ischemia are used. Recent studies have provided 
novel paradigms to study AKI after PN, and future 
studies will be required to investigate longitudinal 
functional outcomes after clamped PN, including 
survival implications. 
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KEY POINTS 


e Small renal masses (SRMs) are diagnosed more frequently in the United States. 

e Inthe management of SRMs, treatment options include partial nephrectomy (PN), radical nephrec- 
tomy (RN), ablation, renal biopsy, and active surveillance. 

e Although RN is historically considered effective in providing adequate oncologic and survival out- 
comes, previously reported large series retrospective and meta-analyses demonstrate PN may 
confer greater preservation of renal function, overall survival, and equivalent cancer control when 
compared with RN performed on SRMs. 

e As newer therapies emerge, we should critically evaluate the risks and benefits associated with the 
surgical management of SRMs among patients with competing comorbidities, complex tumors, 
and high-risk disease. 

e Among younger patients with SRMs amenable to resection, optimization of postoperative patient 
health should be prioritized. 


INTRODUCTION 


® CrossMark 


Approximately 60,000 patients are diagnosed with 
renal cell carcinoma (RCC) with 15,000 cancer- 
related deaths each year in the United States." 
Due to greater utilization of cross-sectional imag- 
ing, renal tumors have gradually become smaller 
at presentation along with a concomitant stage 
migration to localized disease.” Indeed, most pa- 
tients are now diagnosed with clinical T1 renal 
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masses (<7 cm). The average size of the renal 
mass has also gradually decreased to 3.5 cm, as 
well as increased in incidence, such that the clin- 
ical management of small renal masses (SRMs) 
is presenting challenges for patients and urologic 
surgeons.° > 

Treatment decision-making requires a delib- 
erate consideration of the risks and benefits of all 
different treatment options (Surgery, ablation, renal 
mass biopsy [RMB], or active surveillance) 
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between patients and urologic surgeons. Given 
the paucity of high-quality clinical trials critically 
evaluating different treatment options, choosing 
a disease management option now relies on 
comparative effectiveness research and clinical 
practice guidelines. To that end, it is essential to 
recognize that the clinical practice guidelines 
from the American Urological Association (AUA), 
National Comprehensive Cancer Network 
(NCCN), and the European Urologic Association 
(EVA) all recommend surgical intervention, partial 
nephrectomy (PN) if anatomically feasible, or 
radical nephrectomy (RN), as first-line treatment 
for patients diagnosed with SRMs.°® Understand- 
ing the current state of the evidence supporting 
these treatment recommendations and the chal- 
lenges of PN, it is necessary to make an informed 
decision about the optimal management of SRMs. 
Another key facet to patient-centered approaches 
to treatment decisions includes the impact of 
oncologic outcome, convalescence from mini- 
mally invasive and open renal surgery, and 
emerging therapeutics to preserve nephrons and 
ensure optimal oncologic outcomes. Herein, we 
aim to review the current evidence and challenges 
of PN and RN, and discuss the key considerations 
in the treatment decisions for patients diagnosed 
with SRMs. 


DEFINING SMALL RENAL MASSES AND 
TUMOR HETEROGENEITY 


For the purposes of this article, we define SRMs as 
any localized renal tumor smaller than 4 cm (T1a). 
This is crucial, because the management of larger 
or locally advanced renal tumors differs in defining 
optimal surgical therapies. Renal masses have 
grown smaller and localized for patients at the 
time of presentation. Similar to other common ma- 
lignancies that have been found earlier in the dis- 
ease course due to screening or greater use of 
imaging, national survival trends for localized 
RCC should have improved over time. Yet, a treat- 
ment disconnect with lack of better survival has 
been previously described from a lower incidence 
of locally advanced renal tumors concomitant with 
a greater incidence of T1 renal tumors.*° Although 
lead time bias may plausibly explain some of this 
apparent lack in better population-level survival 
from SRMs, tumor heterogeneity based on 
anatomic and pathologic aggressiveness also 
contribute to this trend for lack of improved 
survival. 

Patients diagnosed with incidentally found 
SRMs often undergo subsequent PN or RN 
because use of RMB or active surveillance occur 
in a minority of patients.° As a result, treatment 


decisions are often made in the absence of infor- 
mation such as the histologic grade, which now 
makes up a key component of pathologic risk 
stratification; or use of readily available objective 
measures of anatomic complexity. Nephrometry 
score has been put forth and validated as an 
objective measure to grade anatomic tumor 
complexity, which has been associated with post- 
operative complications, positive margin status for 
PN, and tumor grade.°'* As the merits of PN and 
RN are reviewed next, the key aspects that likely 
impact health outcomes for SRMs are anatomic 
complexity, tumor histology grade, renal function 
preservation, and the type of surgical intervention 
(PN vs RN). 


PARTIAL NEPHRECTOMY 


At present, all clinical practice guidelines have 
similar treatment recommendations supporting 
the use of PN for SRMs anatomically amenable 
to nephron-sparing surgery.°° The premise 
behind this recommendation from all 3 major uro- 
logic and cancer organizations about best clinical 
practice for SRMs rests on multiple retrospective 
observational studies demonstrating that PN pre- 
serves renal function, thereby lowering the inci- 
dence of developing subsequent chronic kidney 
disease (CKD), while achieving similar oncologic 
outcomes relative to RN.'° In evaluating the role 
of PN for SRMs, it is necessary to critically review 
the current evidence regarding its benefits, risks, 
and limitations in improving patient outcomes. 
Before the current clinical practice guidelines’ 
recommendations for PN as the treatment of 
choice for SRMs, the clinical indications for PN 
were reserved for patients at high risk of devel- 
oping severe CKD or requiring hemodialysis 
following RN. Clinical indications for PN included 
patients with a solitary kidney, preexisting CKD, 
bilateral synchronous renal masses, and comor- 
bidities that placed patients at risk for CKD 
following the index surgery for the SRM (diabetes, 
hypertension).'* The initial studies demonstrated 
nephron-sparing surgery (NSS) for renal tumors 
in solitary kidneys was feasible with acceptable 
perioperative outcomes regarding blood loss and 
postoperative complications and avoided use of 
hemodialysis.'° Moreover, NSS for renal tumors 
in solitary kidneys achieved similar durable long- 
term oncologic outcomes regarding local recur- 
rence and cancer-specific survival.'°'® In a 
single-institution cohort of patients who under- 
went PN in a solitary kidney, Fergany and col- 
leagues? reported a 10-year cancer-specific 
survival rate of 83% with only 5% progressing to 
end-stage renal disease (ESRD) and hemodialysis. 


It is important to highlight, however, that this study 
included patients with significant heterogeneity in 
renal tumors, reporting 43% of patients with larger 
than 4-cm (T1b) renal masses and 44% with cen- 
trally located renal masses. Other studies have 
shown similar renal and cancer outcomes of PN 
in solitary kidneys from retrospective single- 
institution cohort studies.7° 

Use of PN then gradually began to expand to 
patients with SRMs and a normal contralateral kid- 
ney and kidney function for several reasons.*' A 
key tenet in supporting the PN among patients 
presenting with SRMs and normal contralateral 
kidney and normal renal function were largely 
based on the association of worsening CKD and 
higher risk of all-cause mortality and cardiovascu- 
lar disease. In this context, a commonly cited 
study by Go and colleagues?’ from the Kaiser Per- 
manente Renal Registry demonstrated that each 
higher stage of CKD markedly worsened survival 
for both of these outcomes. For example, when 
compared with patients with normal renal function, 
patients with stage Ill CKD had higher hazard ra- 
tios for all-cause mortality (1.8; 95% confidence 
interval [Cl] 1.7-1.9) and cardiovascular events 
(2.0; 95% Cl 1.9-2.1). Other population-based 
studies have also produced similar findings in 
which declines in estimated glomerular filtration 
rate (eGFR) correlated with higher all-cause mor- 
tality and risk of ESRD.?*-2° Nevertheless, these 
studies may be limited in their clinical applicability 
for patients diagnosed with SRMs and undergoing 
kidney surgery, because the adverse health out- 
comes were attributable to medical CKD rather 
than surgical CKD from RN or ischemia time 
from PN. 

Nonetheless, a large number of studies have 
supported the relationship of CKD and the type 
of nephrectomy performed among patients diag- 
nosed with localized renal tumors. In a systematic 
review and meta-analysis, patients surgically 
treated with PN for localized renal tumors and 
normal contralateral kidneys had markedly lower 
pooled hazard ratios of developing stages Ill to V 
CKD when compared with patients who under- 
went RN (hazard ratio [HR] 0.39; 95% Cl 
0.33-0.47).'° Similarly, a population-based cohort 
study of Medicare beneficiaries also demon- 
strated that patients who underwent PN compared 
with RN had lower adjusted HRs for adverse renal 
outcomes (HR 0.74; 95% CI 0.58-0.94) and receipt 
of hemodialysis (HR 0.58; 95% Cl 0.33-1.04) ina 
more contemporary treatment era from 2000 to 
2002.°° Likewise, a recent systematic review and 
meta-analysis reported that PN conferred better 
long-term eGFR (8.58; P<.001) and lower risk of 
incident CKD (HR 0.52; 95% Cl 0.36-0.76) 
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compared with RN from pooled results from 
matched studies.?’ These findings have been 
consistent with numerous previously published 
retrospective, single-institution cohort studies 
that found better renal function with better eGFR 
and/or lower risk of development of CKD from 
PN.28~°° A criticism of benefit with respect to bet- 
ter renal function from NSS relative to RN is the 
reliance on observational studies that are 
confounded by selection bias, latent variables, 
and low-quality evidence. '* Yet, a secondary anal- 
ysis of the European Organization for Research 
and Treatment of Cancer (EORTC) trial 30904, 
which is the only multicentered clinical trial of PN 
and RN for localized renal tumors performed, 
recently reported that patients randomized to the 
NSS arm had better renal function at a median 
follow-up of 6.7 years.’ More specifically, pa- 
tients randomized to PN compared with RN had 
lower proportions of patients developing an 
eGFR <60 (38.4% vs 58.7%; P<.001) and eGFR 
less than 45 (11.4% vs 24.7%; P<.001) at last 
follow-up. However, the risks of severe CKD (stage 
IV or stage V) were similar across the 2 treatment 
arms, but this may have been due to the low event 
rate for this particular outcome, an underpowered 
Clinical trial, or need for a longer follow-up period. 

Although NSS is clearly associated with better 
renal function overall, other critical clinical factors 
likely contribute to the optimal preservation of 
renal function following PN. There is marked het- 
erogeneity in the renal tumor complexity and loca- 
tion for SRMs. For instance, a centrally located 
SRM significantly differs from a lower pole and 
exophytic SRM contrasts markedly with a 
similar-size centrally located SRM with respect 
not only to treatment decision-making, but also 
likely impact on long-term renal function if patients 
elect for PN with their urologic surgeon. This vari- 
ation in renal tumor location and complexity bring 
attention to the importance of ischemia time and 
volume preservation of kidney parenchyma 
following PN. 

Tumor complexity and size have been shown to 
correlate with the ischemia time from clamping the 
hilum during resection and the amount of renal vol- 
ume preservation in the affected kidney.° In the 
process of performing ischemia during PN, there 
may be a decline in renal function due to incom- 
plete recovery of the nephrons from ischemia; in 
addition to the extent of nephrons preserved 
following PN.° Optimizing renal eGFR following 
PN are impacted by inducing renal hypothermia, 
limiting warm ischemia time, or performing 
segmental ischemia or off-clamp NSS.°* It has 
been suggested that the optimal time for ischemia 
of PN should be limited to less than 20 minutes 
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with an upper limit of 35 minutes, if necessary, but 
with each additional minute of ischemia there is an 
associated 6% increase in de novo development 
of stage IV CKD.°*°° Among patients with solitary 
kidney or stage IV CKD, ischemia times should 
ideally be limited to less than 30 minutes.°° For pa- 
tients with highly complex renal tumors, extended 
regional ischemia is often necessary while per- 
forming PN. Yet, several studies have suggested 
that preservation of the renal unit, even in the clin- 
ical setting of extended ischemia, may confer bet- 
ter outcomes compared with RN. Lane and 
colleagues?” compared the overall and cancer- 
specific survival of patients receiving RN, 
extended ischemia PN, and limited ischemia 
PN. The rates of overall survival were 84% for 
RN, 94% for extended ischemia PN, and 96% for 
limited ischemia PN (P 5 NS on multivariate anal- 
ysis); the rates for cancer-specific survival were 
96%, 100%, and 100%, respectively (P 5 NS). 
Although previous studies have evaluated post- 
operative and long-term eGFR following PN or RN, 
it has been recently postulated that declines from 
chronic comorbidities from medical renal disease 
may differ from surgically induced declines in 
eGFR following PN. Surgical renal disease can 
be induced by increased margin width, increased 
blood loss, or surgical complications, all of which 
can exacerbate acute kidney injury. Approximately 
25% to 30% of patients receiving PN for RCC are 
considered to have CKD from the aforementioned 
medical causes before surgery.” Regardless, 
postoperative CKD from surgical insult is consid- 
ered to have less risk of progressive renal func- 
tional decline when compared with similar CKD 
induced from medical causes, which may have a 
progressive decline of 2% to 5% annually.°°°9 
Lane and colleagues*° assessed survival differ- 
ences between patients with CKD due to medical 
causes against CKD from surgical intervention, 
patients with medical CKD correlated with worse 
overall survival (HR 5 1.69) and rapid progression 
to at least 50% GFR decline/dialysis (HR 5 2.13). 
The renal functional decline following PN is much 
slower than potentially “analogous” medical 
causes, conferring a greater survival advantage. 
Another determinant of renal function following 
PN is the renal volume preservation in the affected 
kidney with the renal tumor, along with renal base- 
line eGFR.*'“? As a result, the degree of healthy 
parenchymal volume preservation should factor 
into whether patients decide PN or RN, especially 
because this may be as important in determining 
long-term renal function as other predictive clinical 
factors (ischemia time and baseline renal function 
before surgery).*° This intuitively seems plausible 
because there is likely far more renal preservation 


for largely exophytic renal masses compared with 
completely endophytic or centrally located 
masses. To that end, it has been shown that the 
percentage of functional volume loss from the kid- 
ney tumors strongly correlates with the rate of esti- 
mated GFR loss following PN, but has been limited 
to small subset analysis of patients with a solitary 
kidney.** In a larger analysis performed by Sim- 
mons and colleagues,*° percent functional volume 
preservation and efficient ischemia times with an 
upper limit of 25 minutes demonstrated a strong 
association with long-term GFR postoperatively. 
One of the confounding factors for renal volume 
preservation is the size of the tumor and techni- 
cally challenging tumor location. Current predic- 
tive measures of renal preservation following 
surgical intervention of SRMs includes both 
3-dimensional imaging of volume preservation 
and surgeon assessment of renal volume preser- 
vation (87% by 3-dimensional imaging of volume 
preservation and 85% by surgeon assessment), 
which were shown to significantly correlate with 
postoperative eGFR.*° However, the degree to 
which these predictive models and 3-dimensional 
imaging measurements can be routinely incorpo- 
rated into clinical practice for all patients remains 
uncertain, because there are no implementation 
studies showing feasibility and better patient- 
centered outcomes. In an effort to improve the 
quality of shared decision-making for patients 
diagnosed with SRMs, facilitating the clinical 
implementation of predictive models for tumor 
complexity and renal volume preservation would 
advance the quality of care and identify which pa- 
tients may truly benefit from PN compared with 
RN. Another key area that warrants further 
research is possibly identifying a potential 
threshold of renal volume preservation in which 
there would be adequate renal function to avoid 
clinically significant loss of eGFR. 

The key tenet in supporting the use of PN among 
patients with SRM is the paradigm that improved 
renal function is associated with better overall sur- 
vival in comparison with RN. Preserving renal func- 
tion may prevent the development of worsening 
CKD and thereby improve overall survival. It has 
been shown from observational population- 
based and single and multi-institutional studies 
that patients surgically treated with PN for local- 
ized tumors have lower all-cause mortality (ACM) 
and incidence of severe CKD.132947:48 When 
comparing overall survival outcomes between 
PN and RN, Weight and colleagues’? reported a 
95% overall survival with PN versus 83% with 
RN (P<.0001), in which RN translates with a 2.5- 
fold increased risk for ACM (P 5 .02). Additionally, 
progressive renal function loss, measured by 


eGFR_ postoperatively, correlated in a 3% 
decrease in overall survival (P 5 .0004). In a sys- 
tematic review and meta-analysis assessing the 
comparative effectiveness of 41,010 patients 
with localized renal tumors treated with PN (23%) 
and RN (77%), we found that PN was associated 
with a lower pooled hazard ratio for ACM when 
compared with RN (HR 0.81; 95% Cl 
0.76-0.87).'° One caveat in these studies is that 
they are limited in study design as retrospective 
observational studies are prone to selection bias 
and other latent variables. In a population-based 
study of Medicare beneficiaries, Tan and col- 
leagues°° examined 7138 patients treated with 
PN (27%) or RN (73%) for clinical T1a renal tumors 
(<4 cm) from 1992 to 2007. To address this issue of 
residual confounding, the investigators used 
instrumental variable analysis as means of 
substituting for randomization from a clinical trial. 
The principal finding from this study was that PN 
was associated with a lower likelinood of ACM 
compared with RN (HR 0.54; 95% CI 0.34-0.85), 
and that the number needed to treat with PN rather 
than RN was 8 to avoid 1 death from any cause. 

Against this backdrop, it is essential to acknowl- 
edge the differential harms and complications 
associated with different surgical interventions 
for SRMs, in particular for PN, and recognize the 
limitations about possible survival benefits. Given 
the vascularity of the kidney, PN is associated 
with higher risk of significant blood loss and 
need for blood transfusions in comparison with 
RN. Using the Nationwide Inpatient Sample, we 
also reported somewhat similar findings of higher 
blood loss among patients treated with open PN 
compared with laparoscopic nephrectomy (7.0% 
vs 5.3%; P<.001) among 49,943 patients surgically 
treated for renal masses in the United States.°! 
There is weak clinical evidence for the support of 
PN with SRM tumor control and survival out- 
comes. Relative effectiveness is unclear in this 
phase 3 EORTC randomized control trial when 
compared with PN.°? 

To that end, several studies have consistently 
shown that risks of postoperative complications for 
bleeding, urine leak, and ureteral stricture are likely 
affected by the renal tumor complexity. For example, 
an analysis of robotic PN (RPN), described by Kuti- 
kov and Uzzo,° reported 7% perioperative bleeding 
complications,1% urinary leak rates, and higher 
stricture rates with all correlate with greater tumor 
complexity as measured by NSS scores. Postopera- 
tive complications following PN are limited, but 
among complex SRMs include urinary fistula 
(mean incidence of 7%), urine leak (mean incidence 
of 3% in laparoscopic PN [LPN] and 2% in open PN), 
proximal ureteral stricture (mean incidence of 2% 
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among renal masses <7 cm), prolonged acute 
tubular necrosis/acute renal failure (mean incidence 
of 6%), and the need for permanent dialysis (mean 
incidence is 3%-4%).°°°” Among patients with 
delayed or immediate hemorrhage, necessitating 
selective angioembolization, there were significant 
associations with increased ischemia times, higher 
nephrometry scores, and presence of exophytic 
masses.°°°9 

Another possible concern about PN for patients 
with SRMs is the clinical implications of positive 
surgical margins, which has been shown to be 
higher among patients surgically treated with 
NSS compared with RN. In the EORTC 30904 trial, 
patients randomly allocated to PN had a higher 
proportion with positive surgical margins 
compared with those who underwent RN (3 pa- 
tients vs 0 patients).°? In our population-based 
study of 11,587 patients who underwent open 
PN, LPN, or RPN in the United States, we recently 
reported 806 patients had positive surgical margins 
(7%) from the National Cancer Database.°° How- 
ever, the clinical implications of positive surgical 
margins following PN have been debated about 
whether it predisposes patients to greater risk of 
local or possibly distant relapse. For example, 
several retrospective single-institution studies 
have reported that positive surgical margins 
among PN patients did not increase risk of 
relapse.°'©° One criticism is these studies likely 
either do not have enough follow-up time to detect 
the clinical downstream events for positive surgical 
margins, or the event rate is low enough warranting 
a large number of patients with positive surgical 
margins from PN to detect a possibly clinically 
meaningful proportion of local and distant relapses 
of RCC. Shah and colleagues“ performed a large 
multi-institutional retrospective study demon- 
strating positive surgical margins are present in 
up to 8% of patients receiving PN. Overall, patients 
with positive surgical margins had a twofold 
increased risk (P 5 .03) of distant disease relapse, 
and a 7.48 increased risk of distant metastatic 
recurrence (P<.001) among patients with aggres- 
sive pathologic high-risk disease; SRMs confined 
unilaterally demonstrated greater incidence of tu- 
mor recurrence when compared with bilateral 
presence of SRMs. As a consequence, risk stratifi- 
cation of SRMs among patients with positive surgi- 
cal margins in the postoperative setting should 
prompt close monitoring in clinical practice at a 
minimum and possible need for secondary ther- 
apy. Because there is no established standard 
management of positive surgical margins among 
patients with high-risk disease, local therapy and 
evaluation of margin depth and residual renal tu- 
mor should be considered.°° 
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Another possible clinical factor that may affect 
the differential benefits and risks of NSS is surgical 
approach. Surgical approaches for NSS vary from 
open to LPN or RPN. However, use of laparoscopic 
NSS is used sparingly due to the difficulty of intra- 
corporeal suturing for the renorrhaphy. The risks 
involve increased perioperative urine leaking, post- 
operative hemorrhage, urinary fistula, higher rates 
of intraoperative blood loss, increased ischemia 
times, and postoperative reduction of renal func- 
tion. When comparing both the open and LPN 
approaches, there are similar outcomes for meta- 
static disease-free survival and overall survival.°°°” 
Most recently, a meta-analysis of RPN versus LPN 
reported patients receiving RPN experienced lower 
rates of conversion to open surgery or RN (P 5 .02), 
less ischemic time (0.005), less change in eGFR 
(P 5 .03), and shorter length of stay (P 5 .004).°° 
Comparison of open PN and RPN demonstrate 
RPN to be a viable technique, as patients 
experience fewer perioperative complications 
(P<.00001), shorter hospital stay (P 5 .002), and 
less estimated blood loss (P 5 .003).°° These rates, 
also supported by previous meta-analyses, may be 
explained by RPN being conducive to 3-dimen- 
sional magnification, precise tumor localization/ 
dissection, and greater articulation of surgical 
technique intraoperatively, and greater surgical 
team comfort with performing RPN.’°-”2 Yet, there 
have been no previous or ongoing clinical trials that 
have randomized minimally invasive and open PN 
to critically test for differences in survival, oncologic 
outcomes, postoperative complications and blood 
loss, and convalescence. 


RADICAL NEPHRECTOMY 


In the United States, it is noteworthy that most pa- 
tients diagnosed with SRMs are surgically treated 
with RN, despite the current recommendations 
from clinical practice guidelines.2' RN has long 
been considered a clinically effective and safe sur- 
gery for SRMs, even though PN is largely regarded 
as a safe standard in the management of SRMs. 
Laparoscopic RN and robotic RN has allowed for 
a minimally invasive approach that can be used 
for most patients presenting with SRMs with 
improved convalescence and recovery compared 
with open RN.’° The context of determining the 
risks and benefits of performing RN may depend 
on tumor complexity, assessment of comorbidities 
and life expectancy, tolerance for possible post- 
operative complications, patient preference, and 
surgeon experience. 

In the only multicentered clinical trial of PN 
versus RN for localized renal tumors (EORTC 
30904), 268 and 273 patients presenting with 


SRMs smaller than 5 cm were randomized to PN 
and RN, respectively. Patients randomized to PN 
had a greater rate of significant blood loss greater 
than 1 L (3.1% vs 1.2%) and urine leak (4.4% vs 
0.0%) compared with patients in the RN treatment 
arm in the preliminary report published in 2007 
examining postoperative complications.°* Con- 
trary to the observational studies assessing the 
comparative effectiveness of PN and RN on out- 
comes, the final report from EORTC 30904 
showed that RN in fact had better long-term over- 
all survival. At a median of 9.3 years, the 
intention-to-treat analysis suggested the patients 
randomized to RN had a marginally, but statisti- 
cally significant, higher 10-year overall survival 
than PN (81.1% vs 75.7%; P 5 .03). In addition, 
risk of cancer-related mortality was similar for PN 
relative to RN (HR 2.06; 95% Cl 0.62-3.24; 
P 5 .48), although the event rate was low with 
only 12 deaths attributable to metastatic kidney 
cancer in the entire trial. Another contemporary 
study examining SEER-Medicare data by Shuch 
and colleagues”? also suggested the selection 
bias involved with patients receiving PN does not 
translate into superior survival outcomes when a 
matched comparison is performed with RN. This 
study compared PN and RN and matched each 
to bladder cancer survival outcomes and reported 
RN versus no cancer (HR 0.95, P 5 .139), RN 
versus bladder cancer (HR 1.06, P 5 .066), 
PN versus no cancer (HR 1.26, P<.001), and RN 
versus bladder cancer (HR 1.36, P<.001). 

Contextualizing this clinical trial in contrast to all 
other remaining observation studies with respect 
to all-cause and cancer-related mortality and 
morbidity is needed. Several areas of concern 
have been brought forth in the generalizability of 
EORTC 30904 in the generalizability to contempo- 
rary patients diagnosed with SRMs. First, all pa- 
tients accrued in this clinical trial underwent open 
kidney surgery after randomization and were 
accrued from 1992 to 2003. Currently, use of mini- 
mally invasive surgery with laparoscopy or 
robotic-assisted laparoscopy has rapidly diffused 
into clinical practice and shifted the trend toward 
greater use of PN, in particular with robotic sur- 
gery.’°"° Indeed, it has been suggested that ro- 
botic surgery may allow for greater use of PN 
due to more facile adoption by urologic surgeons 
into clinical practice, and several systematic re- 
views and meta-analyses demonstrating better 
perioperative outcomes and less blood loss and 
ischemia time.°® Second, concerns have been 
also raised about the study design of EORTC 
30904 with the 10% crossover after random allo- 
cation and lower accrual than anticipated, which 
led to it being underpowered. 


Nonetheless, RN has been the standard for 
management of SRMs and RCC since 1969 and 
is the most widely used approach, but for the first 
time, in 2009 the use of PN surpassed RN for 
resection of SRMs.°° The benefits of RN include 
lower complication rates, effective tumor control, 
and is potentially beneficial to patients with 
increased tumor complexity. RN is still considered 
a standard practice for renal lesions 7 cm or larger 
or invasion into the adrenal gland and renal vein is 
present and remains the most commonly used 
surgical therapy for patients with SRMs. The 
debate for PN or RN management of noncentrally 
located SRMs or SRMs smaller than 7 cm persists 
in the modern era. 


TREATMENT DECISION-MAKING FOR PARTIAL 
NEPHRECTOMY OR RADICAL NEPHRECTOMY 


The EUA and AUA guidelines recognize the value 
of surgical intervention for SRMs for individuals 
younger than 75 years versus nonsurgical thera- 
pies, active surveillance, or ablation therapy, rec- 
ommending PN instead of RN for long-term 
survival.® The NCCN guidelines are also in agree- 
ment with the EUA recommendations regarding 
use of PN for SRMs.’ These guidelines primarily 
focus on patients who may benefit from PN or 
RN due to a lack of data demonstrating long- 
term outcomes following nonsurgical manage- 
ment of SRMs for alternatives to surgical 
intervention. 

Yet, acknowledging the risks and benefits of 
different surgical therapies is crucial in allowing 
for informed treatment decisions for patients diag- 
nosed with SRMs. Although studies have univer- 
sally shown PN effective in preserving renal 
function and possibly lowering ACM, it is clear 
that patient clinical factors may affect outcomes. 
For instance, patients with advanced age or 
limited life expectancy may not achieve survival 
benefit for PN compared with RN. In a previously 
discussed population-based cohort study of 
Medicare beneficiaries treated for T1 renal masses 
with PN or RN, the lower ACM associated with PN 
was no longer apparent in the subgroup analysis of 
patients older than 75 years.°° Furthermore, Kuti- 
kov and colleagues®' used Surveillance, Epidemi- 
ology, and End Results (SEER) to clearly articulate 
the competing risks of mortality from kidney can- 
cer and other clinical determinants. In this study, 
a competing risk analysis found that a 75-year- 
old male patient with a 4-cm renal tumor has 
5-year predictive probabilities of kidney cancer- 
related mortality of only 5%. Not surprisingly, age 
represented the strongest predictor of ACM, 
although renal mass size also was statistically 
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significant for this association for survival (both 
P<.001). Another clinical determinant in the treat- 
ment decision for SRMs also is the comorbidities 
that may affect long-term survival and have higher 
competing risks for ACM. Another population- 
based cohort of older patients with localized renal 
tumors in SEER-Medicare similarly reported that 
both age and comorbidities at the time of diag- 
nosis of SRMs are stronger predictors of ACM. 
Overall, the risk of cancer-related mortality attrib- 
utable to localized RCC with negative nodes 
among Medicare beneficiaries at 5 and 10 years 
were 7.5% and 11.9%, respectively. An additional 
propensity-matched assessment of SEER- 
Medicare data by Kutikov and colleagues® identi- 
fied limited survival benefit of PN performed 
among patients older than 66 years, again under- 
scoring the value for assessing comorbid status 
and risk factors in the management of SRMs. 

Although PN is consistently associated with 
lower risk of ACM, cancer-specific mortality, and 
severe CKD,® this area is perhaps the most 
controversial in critically evaluating the compara- 
tive effectiveness of both surgical options.®° 
Regardless, there is still a risk for an additional 
subsequent primary tumor, which can become 
surgically complicated, as second surgical resec- 
tion is difficult to perform due to reactive fibrosis. 
The safety and oncologic efficacy in the use of 
PN for localized renal tumors has been shown to 
improve renal functional outcomes, offer superior 
quality of life, and provide adequate disease con- 
trol. PN has been shown to effectively preserve 
renal function postoperatively, even among large 
renal masses, as opposed to RN, which may in- 
crease risks for acute kidney injury and new- 
onset or severe CKD.°°:** Following either PN or 
RN, there is a 2% local recurrence rate, with 
most patients recurring within 3 years. Resection 
at the time of local recurrence without presence 
of distant metastatic disease facilitates durable 
long-term survival. Among patients younger 
than 75 years, with relatively fewer comorbid con- 
ditions, preserved preoperative GFR, and SRMs 
suitable for resection are all significant criteria sup- 
porting clinical benefit with performing PN instead 
of RN. The survival benefit of PN is still uncertain 
among patients older than 75 and still should 
be assessed with competing comorbidity 
considerations.°° 

Another clinical consideration in the treatment 
decision-making process for SRMs is hereditary 
RCC. Although rare in occurrence, familial forms 
of RCC have been shown to have a high rate of 
new SRMs in either kidney and affect the treat- 
ment decision. Hereditary RCC, which is dis- 
cussed in this issue (see Brian Shuch and 
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colleagues’ article, “Hereditary Kidney Cancer 
Syndromes and Surgical Management of the 
Small Renal Mass”), covering von Hippel Lindau 
disease, tuberous sclerosis, adult polycystic kid- 
ney disease, CHEK2 mutations, chromosome 3 
translocations, PTEN hamartomatous syndrome, 
hereditary papillary RCC, germline mutations in 
MET, type 2 hereditary leiomyomatosis, chromo- 
phobe and oncocytic RCC, and Birt-Hogg-Dubé 
syndrome.8®87 In the context of these conditions, 
appropriate risk stratification should be done to 
determine long-term care. However, the current 
clinical practice guidelines should involve use of 
ablation or PN to spare patients with risks of 
ESRD. 

Risk assessment for patients with SRMs should 
ideally involve objective measurements of tumor 
complexity with increased scores representing 
higher grade and adverse histopathologic disease 
predictive of high-risk tumor presence within 
SRMs before pathologic confirmation from NSS. 
Higher nephrometry scores, as mentioned previ- 
ously, correlate significantly with increased peri- 
operative complications, in particular urine leak, 
among patients receiving PN.11:88 


SUMMARY 


In summary, treatment decisions for surgical inter- 
vention for patients diagnosed with SRMs are highly 
complex and require a deliberate discussion of the 
current evidence in the context of benefits and risks. 
Ideally, urologic surgeons should individualize pa- 
tient education and treatment decisions based on 
renal tumor complexity, current renal function, 
comorbidities, and age. Although level 1 evidence 
conflicts with all other observational studies about 
the comparative effectiveness of PN and RN in the 
context of overall survival and renal function, clinical 
practice guidelines currently recommend high qual- 
ity medical care with use of PN for renal tumors that 
are anatomically resectable. Advanced treatment 
technologies, specifically robotic surgery, may 
make this more feasible, especially because it facil- 
itates greater use of PN and appears to be equally 
safe and improves survival relative to open PN 
and laparoscopic RN. The next steps in advancing 
the urologic care for patients diagnosed with 
SRMs is another multicentered randomized trial 
reflective of current clinical practice and future 
studies to identifying which subgroups will be best 
served by PN or RN. 
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KEY POINTS 


e Lymph node dissection (LND) for renal cell carcinoma (RCC) is not required for clinically localized 


disease; it does not afford a survival benefit. 


e In patients with high-risk features, use of LND may provide important staging information. 
e |f performed, an LND template should be based on the known lymphatic drainage of the kidneys. 


INTRODUCTION 


The presentation of a patient with a small renal 
mass (SRM), with a maximum diameter of less 
than 4 cm, can represent a diagnostic and treat- 
ment dilemma for the urologic surgeon. Removal 
of a small benign mass may not be necessary, 
whereas surgery for a malignant tumor with 
aggressive features may prevent locally advanced 
disease or distant metastases. The proper surgical 
approach (partial vs radical nephrectomy) for 
SRMs with regard to optimizing survival rate and 
renal functional outcomes has been debated 
recently.''* One aspect of surgical management 
that has not been extensively addressed is the 
role of regional lymph node dissection (LND) for 
SRMs at the time of nephrectomy. Given the low 
stage and low potential metastatic risk, the sur- 
vival advantage conferred by LND with a clinically 
localized SRM is unclear. Herein, we address the 
usefulness of an LND in the setting of an SRM, 
clinical and pathologic predictors of regional 
lymph node metastasis, and appropriate dissec- 
tion templates if an LND is performed. 


PREDICTORS OF LYMPH NODE METASTASES 
IN RENAL CELL CARCINOMA 


Although the natural history of SRMs is heteroge- 
neous, the majority of tumors can be classified 
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as benign or as malignant with low rates of meta- 
static progression. The low rate of metastatic pro- 
gression of SRMs is demonstrated with the low 
rates of disease progression after nephrectomy.* 
Such excellent cancer-specific outcomes have 
led to the adoption of less invasive treatments, 
such as thermal ablation and active surveillance, 
which have also demonstrated low rates of pro- 
gression to metastatic disease in patients with 
SRMs. However, there is a subset of SRMs of 
greater malignant potential and possibly a greater 
risk of metastatic progression to regional lymph 
nodes. SRMs believed to have a greater metasta- 
tic potential are typically classified based on 
certain high-risk pathologic features. These high- 
risk pathologic features, if present, may predict 
lymph node involvement and consequently affect 
disease progression and cancer-specific survival.° 
This potential relationship between high-risk fea- 
tures noted in the primary tumor and an increase 
risk of metastasis to regional lymph nodes may 
prove valuable as lymph node positive disease 
portends poorer outcomes.° Thus, the identifica- 
tion these high-risk features may help to provide 
important information to help a clinician determine 
if and when an LND should be performed for a pa- 
tient presenting with an SRM. Additionally, these 
high-risk features may also predict the risk for 
future disease recurrence and need for adjuvant 
therapy. 
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Tumor size has been studied as a predictor 
for disease aggressiveness and has been linked 
to metastatic spread, even when considering 
SRMs.’~° In a systematic literature review on the 
behavior of SRMs undergoing active surveillance, 
Smaldone and colleagues® identified 18 of 880 
patients (2%) who subsequently developed meta- 
static cancer including regional lymph node involve- 
ment. Although progression to metastatic disease 
occurred only ina small percentage of patients, after 
a pooled analysis, variables significant for predicting 
metastases included initial tumor size or diameter 
(4.142.1 cmvs2.3 + 1.3 cm; P<.0001), initial tumor 
volume (P<.0001), and growth rates. 

Further supporting the relationship between tu- 
mor size and metastatic potential, Lee and col- 
leagues'° reviewed their data from 1913 patients 
who received radical or partial nephrectomy for a 
Tia renal masses. Multivariate analysis revealed 
that tumor size was associated independently 
with an higher risk of metastatic potential: the risk 
of metastases according to size for Tia masses 
was found to be 1.1% (1.1-2.0 cm), 3.3% (2.1- 
3.0 cm), and 6% (3.1-4.0 cm). Additionally, their 
survival analysis demonstrated significant differ- 
ences in metastasis-free survival between size 
groups (P<.001).'° This highlights that, although 
the rate of metastatic recurrence after partial or 
radical nephrectomy may indeed be low, patients 
with larger tumors may have a nonnegligible meta- 
static potential. The relationship of SRM size and 
risk of metastatic potential has also been outlined 
using Surveillance, Epidemiology, and End Results 
data registry in an analysis of 22,000 patients with 
stage T1 renal cell carcinoma (RCC).'' For tumors 
with a maximum diameter of 2 to 3 cm the metasta- 
tic rate was 4.9%, compared with tumors with a 
maximum diameter of 3 to 4 cm in which the rate 
of metastatic disease was 7.1%. 

These studies reflect the small, albeit nontrivial, 
potential for stage T1a RCC to present with meta- 
static disease. Taken together, these studies show 
that tumor size may predict lymph node involve- 
ment and that a proportion of SRMs, particularly 
those 3 to 4 cm, that demonstrate significant 
growth over short periods may have increased 
metastatic potential. Performing an LND in these 
patients at the time of surgery may provide impor- 
tant staging information and may confer a poten- 
tial survival benefit as lymphadenectomy may 
capture locally advanced stages of RCC in this 
select group of patients presenting with an SRM. 

In addition to tumor size, there are other 
high-risk features of SRMs that may indicate 
possible lymph node metastasis including tumor 
grade, histologic subtype, and aggressive compo- 
nents, such as sarcomatoid or rhabdoid features 


(Box 1).'* While assessing pathologic tumor char- 
acteristics for stage T1 RCC, Lau and colleagues? 
identified histologic subtype, grade, and size as in- 
dependent predictors for metastases free survival 
rates. Of 682 patients with clear cell RCC, those 
more likely to experience metastatic disease 
demonstrated Fuhrman grade 3 or 4 (hazard ratio, 
4.18; 95% confidence interval, 2.56-6.81) and 
larger tumor size (6 cm; hazard ratio, 1.5, 95% 
confidence interval, 1.26-1.79) on final pathology. 
In a similar study, Blute and colleagues '* reviewed 
more than 1600 patients who underwent radical 
nephrectomy and identified 887 patients who 
had a concomitant LND. After multivariate 
analysis, 5 clinicopathologic predictors of lymph 
node metastasis in clear cell RCC were identified 
including nuclear grade 3 or 4 (P<.001), presence 
of sarcomatoid component (P<.001), tumor size 
10 cm or greater (P = .005), tumor stage pT3 or 
pT4 (P = .017), and histologic tumor necrosis 
(P = .051).'* In patients with at least 2 of the fea- 
tures 10% had regional lymph node metastasis 
compared with 53% in patients with all 5 adverse 
features present. 

It should be noted that identifying these adverse 
features would require frozen section analysis of 
tumors intraoperatively, which may not be available 
and routine at all centers. Additionally, the median 
tumor size in the series by Blute and colleagues’? 
was 6 cm and there is a known association with 
increasing tumor size and the remaining adverse 
pathologic features. The relationship between tu- 
mor size and other adverse pathologic features 
makes the likelihood of discovering 3 or more of 
the features in a patient undergoing surgery for an 
SRM very low. For these reasons, the authors’ pro- 
posed protocol should not be applied to patients 
undergoing surgery in patients undergoing for an 
SRM until additional evidence supporting its use 
is available in this patient population. However, as 
more evidence becomes available in the future, 
these studies suggest that the evaluation of high- 
risk features may help to identify which patients 
are at greatest risk for metastatic disease and 
may potentially benefit from an LND to improve 
pathologic staging and regional disease control. 


Box 1 
Predictors of lymph node metastasis 


Large tumor size (>5 cm) 

Fuhrman nuclear grade 3 or 4 

Histologic tumor necrosis 

Presence of sarcomatoid or rhabdoid features 
Stage T3/T4 disease 


Lymph Node Dissection for Small Renal Masses 


THE EORTC TRIAL ASSESSING LYMPH NODE 
DISSECTION FOR RENAL CELL CARCINOMA 


Level | evidence from randomized, controlled trials 
provides clinical data by which clinicians base their 
recommendations. Currently, there exists only 1 
randomized trial that assessed the survival impact 
of LND at the time of nephrectomy. '* The EORTC 
30881 trial (European Organization for Research 
and Treatment of Cancer) is a phase III randomized 
trial in which 772 patients deemed cNOMO were 
randomized to undergo either a radical nephrec- 
tomy with a complete LND or to undergo a radical 
nephrectomy alone. Postoperatively, all patients 
were followed for progression of disease and mor- 
tality. Of the patients who underwent LND, 14 of 
346 (4%) demonstrated lymph node metastases. 
After survival analysis, however, the study revealed 
no differences in overall survival, time to progres- 
sion of disease, or progression-free survival 
between the 2 study groups. After a median 
follow-up of 12.6 years, 137 patients (36%) who 
underwent an LND died and 135 (35%) who did 
not have an LND died (P = .87).'° Cancer- 
specific survival rates were similar as well between 
the 2 groups. These finding are not surprising given 
the low rate of regional lymph metastasis in the 
group randomized to LND. With this in mind, there 
are a number of criticisms regarding the results the 
EORTC 30881. First, the trial compared a hetero- 
geneous cohort of low and high stage/risk patients 
that may have affected the potential survival 
benefit of LND. Second, a significant portion of 
the study’s population (69%) was composed of pa- 
tients with stage | or II RCC, which have a low rate 
of regional lymph node metastasis in the absence 
of other high-risk pathologic features. Furthermore, 
alack of a standard pathologic review process may 
have accounted for such a low positive node count. 
As with previous retrospective studies, however, 
the EORTC trial found that, although many SRMs 
were not associated with lymph node-positive dis- 
ease, the risk of locally advanced disease in pa- 
tients with SRMs was not zero. Four percent of 
patients who received an LND had positive nodes, 
and it remains to be seen how to best identify these 
individual preoperatively. If patients are identified 
as high risk preoperatively or intraoperatively, clini- 
cians may better serve their patients with an LND to 
fully stage their cancer regionally and possibly offer 
a survival benefit. 


USE OF LYMPH NODE DISSECTION DURING 
SURGERY 


Because there is no current level one evidence sup- 
porting LND for RCC at the time of nephrectomy, it 


is not recommended that LND be performed as a 
routine aspect of surgery for patients with stage | 
RCC. Because lymph node-positive disease repre- 
sents poorer outcomes,° however, it may indeed be 
valuable to identify important patient and tumor 
characteristics preoperatively as predictors of 
regional spread. Despite it being controversial, 
LND after radical nephrectomy improves local stag- 
ing and may add a potential survival benefit.'*'° Ina 
large, multicenter study of 2197 patients assessing 
SRMs of less than 4 cm for tumor pathology and 
aggressiveness, the authors showed that, despite 
the majority of these tumors having a low stage, 
6.2% were poorly differentiated and 3.5% had 
metastasized.'° They additionally found that a 
larger tumor size after surgery, albeit still less than 
4 cm, was a predictor of having microscopic 
vascular invasion (P = .001), collecting system inva- 
sion (P = .03), poorly differentiated tumors 
(P = .004), and stage greater than T3 (P<.01). All 
of these parameters represent locally aggressive 
tumors and may increase the likelihood of a patient 
having lymph node-positive disease. '”'® 

Despite the identification of tumor characteris- 
tics associated with an increased risk of regional 
lymph metastasis, LND is not routinely advocated 
for all patients. Because stage T1 RCC has become 
the most common stage of RCC diagnosed sec- 
ondary to the pervasive use of cross-sectional im- 
aging, the majority of patients likely will not benefit 
from LND. However, because certain SRMs 
exhibit aggressive features and have the potential 
to spread locally, identification of high-risk tumor 
characteristics becomes increasingly important. 
This stratification may be done either by preopera- 
tive renal mass biopsy or through consistent use of 
intraoperative frozen section analysis.'? Although 
renal mass biopsy requires further improvements 
to increase its accuracy to detect the previously 
described high-risk features such as sarcomatoid 
differentiation as well as grade and stage, it re- 
mains an option to evaluate those who may benefit 
from LND preoperatively. Furthermore, future 
development of specific biomarkers to better risk 
stratify cancer aggressiveness may help to assess 
patients preoperatively who would potentially 
benefit from LND. 


ROLE OF LYMPH NODE DISSECTION IN 
PATIENTS WITH RADIOGRAPHIC 
LYMPHADENOPATHY 


Although primary tumor size is a good predictor of 
synchronous metastatic disease,’ radiographic 
lymphadenopathy in the presence of aSRM should 
not be ignored. Several series have evaluated 
the likelihood of metastatic disease based on 
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radiographic lymph node size. Prior series have 
noted a modest association between lymph node 
size and metastatic regional lymph node involve- 
ment with 32% to 43% of lymph nodes greater 
than 1 cmin size containing metastatic disease. '°:?° 
More recently, Gershman and colleagues?! demon- 
strated this relationship in a series of 220 nephrec- 
tomy patients with an increased risk of regional 
lymph node metastasis with increasing radio- 
graphic lymph node size. In this series the observed 
percentage of lymph node metastasis was 20%, 
29%, and 90% for lymph nodes 7, 10, and 30 mm 
in size, respectively. These data clearly demon- 
strate the increased risk of regional lymph node 
involvement with increasing lymph node size and 
suggests that the size of the regional lymph nodes, 
and not just the size of the primary tumor, should be 
the primary determining factor when making the de- 
cision to perform a regional LND. Fig. 1 demon- 
strates a patient presenting with a SRM and 
enlarged hilar lymph node. 

Given the limitation of relying on lymph node 
size and high-risk features discussed to predict 
regional lymph node metastasis, nomograms 


have been evaluated in attempt to improve risk 
stratification. One such nomogram that included 
patient age, radiographic tumor size, and symp- 
toms at presentation was 78% accurate in predict- 
ing regional lymph node metastasis.?? Although 
such nomograms seem to be promising, they are 
unlikely to be beneficial in patients presenting 
with SRMs that are asymptomatic and not associ- 
ated with regional lymphadenopathy. 

Although there is evidence to support the role of 
LND in patients undergoing nephrectomy for an 
SRM with lymphadenopathy of radiographic imag- 
ing, the role of LND in patients without lymphade- 
nopathy is limited and not supported based on the 
results of EORTC 30881. One unique patient pop- 
ulation that may benefit from an LND in the setting 
of a SRM without radiographic lymphadenopathy 
are patients with known or suspected hereditary 
leiomyomatosis and renal cell cancer. This sug- 
gestion is based on the early experience with 
hereditary leiomyomatosis and renal cell cancer- 
associated renal carcinoma demonstrating a 
higher than expected rate of regional lymph node 
metastasis.7° 


Fig. 1. Computed tomography scan of 76-year-old man presenting with 3.5-cm left renal mass (thick arrow) and 
1.8-cm hilar lymph node (thin arrow). Preoperative biopsy of the node was positive for metastatic renal cell car- 
cinoma. Because the remainder of the patient's metastatic survey was negative, a left radical nephrectomy with 


retroperitoneal lymph node dissection was performed. 


Lymph Node Dissection for Small Renal Masses 


Side of Primary Tumor 


Right 


Left 
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Fig. 2. Location of positive lymph nodes based on side of primary tumor. Reported percentage represents fre- 
quency of involved location in patients with lymph node-positive disease. (From Crispen PL, Breau RH, Allmer 
C, et al. Lymph node dissection at the time of radical nephrectomy for high-risk clear cell renal cell carcinoma: 
indications and recommendations for surgical templates. Eur Urol 2011;59(1):21; with permission.) 


TEMPLATES FOR LYMPH NODE DISSECTION 


If an LND is warranted in a patient presenting with 
an SRM, the LND template should be standardized 
and similar to that used during radical nephrectomy 
for larger tumors. The standard LND template 
should be based on the known lymphatic drainage 
of the kidneys and the previously described 
regional lymph node landing zones in patients 
with metastatic disease. Anatomically, the right 
kidney is primarily drained by the paracaval, retro- 
caval, and interaortocaval nodes and the left kidney 
is primarily drained by the paraaortic, preaortic, 
and interaortocaval nodes. Despite the potential 
variability of the primary lymphatic drainage, a 
standardized LND based on the side of the tumor 
primary tumor including these lymph nodes is sup- 
ported by surgical series. A sampling of the renal hi- 
lar nodes is not sufficient, because renal hilar nodes 
can be negative despite metastasis to other nodes 
within the primary landing zone. In a series pre- 
sented by Crispen and colleagues,~* a progression 
of lymph node involvement was noted for both 
right- and left-sided primary tumors in which meta- 
static disease was always noted within the primary 
landing zone in cases that had positive disease that 
surrounded the contralateral great vessel. Fig. 2 
demonstrates observed distribution of lymph 


node metastasis based on primary tumor side in 
this series. Based on these findings, it has been 
recommended that, when performing an LND at 
the time of nephrectomy, the paracaval and inter- 
aortocaval lymph nodes be removed in patients 
with right sided tumors and the paraaortic and 
interaortocaval lymph nodes be removed in pa- 
tients with left sided tumors from the crus of the dia- 
phragm to the common iliac artery. If disease is 
confirmed or suspected within the interaortocaval 
nodes, a complete bilateral LND is recommended. 


SUMMARY 


Although the majority of SRMs demonstrate a low 
metastatic potential and regional lymph node 
involvement, certain high-risk factors, including 
tumor size, grade, histologic subtype, and aggres- 
sive components such as sarcomatoid or rhab- 
doid features, may predict the presence lymph 
node metastasis. Because the EORTC trial 
showed no significant difference in overall survival 
based on whether an LND was performed, '* LND 
is not recommended as a routine aspect of surgery 
for patients with SRMs. For patients with preoper- 
ative renal mass biopsy or intraoperative frozen 
section analysis that identify high-risk features, 
or for patients with evidence of radiographic 
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lymphadenopathy, the use of LND may improve 
local staging and provide a potential survival 
benefit. If performed, an LND template should be 
based on the known lymphatic drainage of the 
kidneys. 
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KEY POINTS 


e Partial nephrectomy is an inherently more complex operation than radical nephrectomy with an 


increased risk of complications. 


e With management options that include those less invasive than surgery, urologists must be attuned 
to the potential complications of surgery and develop strategies to minimize their risks. 

e Providers have access to several risk stratification schema to help in the quantification of individ- 
ualized risk, perioperative decision making, and operative approaches to minimize risk. 


INTRODUCTION 


The incidence of the small renal mass continues to 
increase owing to the aging population! and the 
ubiquity of ultrasound imaging and computed 
tomography scanning.*° The majority of these 
tumors are stage | tumors. Contemporary man- 
agement strategies include surveillance, ablation, 
and extirpation, often using minimally invasive 
techniques. There is a wide body of literature fa- 
voring nephron-sparing approaches, with more 
recent series documenting the increased risks of 
chronic kidney disease and cardiovascular events 
in patients who undergo radical nephrectomy.*”° 
Although the trend toward nephron-sparing sur- 
gery may yield overall decreased long-term 
morbidity, it is not without its drawbacks. There 
is a higher reported rate of complications related 
to partial nephrectomy compared with radical ne- 
phrectomy, particularly with increasing anatomic 
complexity. Partial nephrectomy, by its nature, 
is a more technically challenging procedure. 

With management options that include those 
less invasive than surgery, urologists must be 
attuned to the potential complications of surgery 


and develop strategies to minimize their risks. To 
this end, we provide a review of general com- 
plications of nephron-sparing surgery for the small 
renal mass, with a particular focus on the risk of 
complications for partial nephrectomy for the 
more anatomically complex renal tumors. We 
discuss several risk stratification schema and 
scoring systems that provide insight into the risks 
of complications for increasingly complex renal 
tumors. 


REPORTING OF COMPLICATIONS 


To standardize reporting of complications, the 
Clavien-Dindo Classification system has been 
adopted widely in the current literature’ (Table 1). 
The wide adoption of this system has allowed 
adequate comparison of procedures and 
techniques. 

More recent attempts at standardizing outcome 
reporting for partial nephrectomy have included 
the margin, ischemia, and complications (MIC) 
system, the trifecta, and the pentafecta. These 
are systems that attempt to simplify the quality 
outcomes for partial nephrectomy. All 3 systems 
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Table 1 
Clavien-Dindo classification system 


Grade Definition 


I Any deviation from the normal postoperative course without the need for pharmacologic 
treatment or surgical, endoscopic, and radiologic interventions. 
Allowed therapeutic regimens are drugs as antiemetics, antipyretics, analgesics, diuretics, 
electrolytes, and physiotherapy. This grade also includes wound infections opened at the 


bedside. 


Requiring pharmacologic treatment with drugs other than such allowed for grade | 
complications. Blood transfusions and total parenteral nutrition are also included. 


Il Requiring surgical, endoscopic, or radiologic intervention. 
Illa Intervention not under general anesthesia. 


IIb Intervention under general anesthesia. 


IV Life-threatening complication requiring IC/ICU management. 
IVa Single organ dysfunction (including dialysis). 


IVb Multiorgan dysfunction. 


V Death of a patient. 


Grade I and II complications encompass complications that can be treated with medications or blood transfusions and are 
grouped together as “minor complications.” Grade Ill and IV complications require surgical interventions or organ 
dysfunction and a grouped together as “major complications.” 


Abbreviation: IC/ICU, intensive care/intensive care unit. 


From Dindo D, Demartines N, Clavien P. Classification of surgical complications: a new proposal with evaluation in a 
cohort of 6336 patients and results of a survey. Ann Surg 2004;240(2):206; with permission. 


include major complications (Clavien-Dindo III-V) 
in their reporting system. 

Borrowing on the trifecta of prostate outcome 
reporting, Hung and colleagues® used the com- 
bination of negative cancer margin, minimal renal 
functional decrease, and no urologic complica- 
tions to look at outcomes of laparoscopic partial 
nephrectomy. Unacceptable renal functional 
decrease was defined as a 10% or greater decline 
in the postoperative glomerular filtration rate 
overpredicted the glomerular filtration rate, and 
complications were classified as intraoperative or 
postoperative and urologic or nonurologic. Over 
a 12-year period, the investigators found that 
they more routinely operated on more complex 
tumors with 29% of operated tumors T1b or 
greater, with an overall trifecta rate of 68%. 

Similarly, the MIC system uses 3 objectively 
measured parameters. Warm ischemia was 
measured with a cutoff of 20 minutes and compli- 
cations were determined by a Clavien-Dindo 
grade greater than Il. Mirroring the trifecta, the 
overall MIC rate was 67%. In this series, the only 
independent predictor of achieving the MIC in a 
multivariate regression was tumor complexity.° 
Thus, it is evident that tumor complexity influences 
patient outcomes significantly. 

In an attempt to characterize more accurately 
the outcomes for larger, complex, renal masses 
compared with the traditional small renal mass 


cutoff of less than 4 cm, Kim and colleagues’? 
investigated the “pentafecta” outcomes of partial 
nephrectomy. The pentafecta included negative 
surgical margin, no postoperative complications, 
warm ischemia time 25 minutes or less, persever- 
ation of at least 90% of the glomerular filtration 
rate, and no chronic kidney disease, upgrading 
after 1 year of follow-up. When comparing T1a 
and Tib renal masses, complications were 
13.3% versus 15.0%. Overall, the pentafecta rates 
were significantly lower in the T1b renal masses, 
namely, 26.7% versus 38.3% for Tla and pre- 
dicted by tumor complexity on multivariate 
regression. 

It is imperative to mention that publication bias 
likely exists in the reporting of complications, "' 
because there is hesitancy to publish series with 
poor outcomes. Furthermore, there is a known 
significant learning curve associated with laparo- 
scopic surgery. Many series are published from 
large academic centers with high-volume sur- 
geons and true complication rates experienced 
in the wider urologic community may not be 
reflected. 


UNDERSTANDING COMPLICATIONS 


Among a large list of possible complications, the 
most common surgical complications of partial 
nephrectomy are hemorrhage and urinary leak. 


To better understand complications of renal 
surgery for small renal masses, it is worth con- 
sideration of the underlying categories attributing 
to the cause of the complication. We categorize 
these underlying causes as (1) inherent tumor/ 
anatomic characteristics, (2) shortcomings in 
surgical technique, or (3) individual patient 
characteristics. 

Within each of these categories, one can also 
consider the timing of the complication, pre- 
operative, intraoperative, or delayed/postopera- 
tive. Most complications seem to occur early in 
the postoperative period and before discharge. '* 
With this in mind, we outline the most common ex- 
pected complications of renal surgery. 

Asummary of contemporary series for minimally 
invasive management of T1 tumors can be found 
Table 2. A comparable table for T1b and T2 
masses or greater can be found in Table 3. 


COMPLICATIONS OWING TO ERRORS IN 
SURGICAL TECHNIQUE 
Preoperative 


Depending on the approach to the partial nephrec- 
tomy, several different patient positions are used. 
For most laparoscopic approaches, including 
with robotic assistance, the lateral decubitus posi- 
tion is used. The lateral decubitus position causes 
ventilation mismatches and may predispose 
patients to atelectasis and pneumonia. '* Addition- 
ally, in the lateral decubitus position some use the 
“kidney rest,” which may predispose to rhabdo- 
myolysis if positioned for too long a time period, 
particularly in patients with morbid obesity and 
diabetes.'* We have found equivalent exposure 
with or without the kidney rest and have, thus, 
largely omitted its use. Additionally, inappropriate 
arm positioning may result in brachial plexus trac- 
tion injuries. 

Recent techniques have led to complete retro- 
peritoneal laparoscopic approaches. This may 
reduce the risk of certain intraperitoneal compli- 
cations, most notably, bowel injury and ileus. 
The retroperitoneal approach has been shown to 
have a shorter operative time, particularly for 
posterior tumors. It is comparable to the transper- 
itoneal approach in terms of estimated blood loss, 
analgesic requirement, and hospital duration of 
stay. Furthermore, it has been shown that 
the retroperitoneal approach may lower overall 
rates of complications,'° although selection bias 
may exist. Theoretic disadvantages include 
smaller working space and limited landmarks. 
Additionally, there is likely a more significant 
learning curve compared with transperitoneal 
approaches. '° 


Complications of Renal Surgery 


Intraoperative 


The most well-known complications after partial 
nephrectomy include urine leak, perioperative 
bleeding, arteriovenous fistula formation, and pseu- 
doaneurysm formation. In contemporary series, the 
rate of postoperative complication ranges from 
14.5% to 26.7%.°''”-*° One of the largest prospec- 
tive cohorts of partial nephrectomy performed at a 
tertiary care center reported a 26.7% complication 
rate and an 11.5% major complication rate, defined 
as Clavien grade 3 or higher.”' Partial nephrectomy 
has a higher overall complication rate compared 
with radical nephrectomy. This rate is attributable 
largely to the increased risk of urine leak and hemor- 
rhage inherent to nephron-sparing surgery. How- 
ever, this difference is difficult to quantify, given 
variations in reporting and the scarcity of studies 
that directly compare the 2 approaches. The most 
meaningful comparison of partial and radical ne- 
phrectomy is the EORTC trial 30904 (European 
Organization for Research and Treatment of 
Cancer), a phase Ill randomized, controlled trial 
comparing nephron-sparing surgery with radical 
nephrectomy for tumors less than 5 cm. The partial 
nephrectomy group had a slightly greater risk of 
perioperative bleeding (3.4% vs 1.1%), urinary fis- 
tula formation (3.8% vs 0%), splenic injury (0.8% 
vs 0.4%), pleural injury (10.6 vs 9.1%), and need 
for reoperation (4.2% vs 2.3%).'” 


HEMORRHAGE 


Postoperative bleeding is a rare but serious 
complication after nephron-sparing surgery. 
Bleeds can occur in the immediate postoperative 
period, or in a delayed fashion, weeks after the 
procedure. Intraoperative hemorrhage can be 
secondary to parenchymal bleed, inadequate hilar 
clamping, and inadequate renorrhaphy. The rate of 
acute hemorrhage after partial nephrectomy is 
estimated to be 1.2% to 4.5%.27°**8 The EORTC 
30904 phase Ill trial found a 3.1% risk of severe 
bleeding after a partial nephrectomy (estimated 
blood loss > 1 L) compared with 1.2% after a 
radical nephrectomy.'’ Surgical exploration after 
partial nephrectomy is rarely necessary'’; the 
rate of angioembolization failure in 2 recent series 
are 5.9% and 0%.”° 


INJURY TO ADJACENT ORGANS 


Other complications reported in nephron-sparing 
surgery include injury to surrounding structures 
such as bowel, liver, pleura, pancreas, spleen, 
and vascular structures.'%°'?? In the EORTC 
randomized trial of radical versus partial nephrec- 
tomy, 9.3% and 11.5% of patient undergoing 
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Table 2 
Comparison of complications in contemporary series for management of T1 tumors 


Author, Year 
Tanagho 
et al,°? 2013 


Pasticier 

et al,°° 2006 
Henderson 

et al,°° 2014 
Simmons, 7° 

2007 


Kaouk 
et al,”' 2011 


Institution Approach 


Multi 


Robotic 


Lyon, France 


UK 


Cleveland 
Clinic 
Cleveland 
Clinic 


Mix 


Overall 
Compli- 
cation 
Rate (%) 


15.6 


No. of 
Patients 


886 


Size (cm) 


of Tumor® I-I1 (%) 


3.0 11.9 
2.8 and 4.1 


3.0 


Clavien Clavien Hemorrhage Hemorrhage Hemorrhage Transfusion 


Post- 
operative 


Renal 

Insuffi- 

ciency Pseudoaneurysm 
(%) _ (%) 


0.8 = 


Intra- 
operative Urine 
Leak 


(%) 
1.1 


III-V (%) (%) 
3.6 = 


(%) 
1.0 


(%) 
5.8 


Rate (%) 
4.6 


12.6 0.8 10.1 5.4 


5.4 


Laparoscopic 


3.0 


4.5 


Robotic 


3.1 


2.4 


Mathieu 
et al, 7? 2013 


Ficarra 
et al, ”? 2012 


Multi 
French 


Multi 


Robotic 


3.0 


Robotic 


2.8 


Gill, et al,’* 2007 


Multi 


Laparoscopic 


2.7 


Spana 
et al,”° 2011 


Benway 
et al,’° 2009 


Scoll 
et al,” 2010 


Gill et al,”° 
2010 


Simhan 
et al,*' 2011 


Patard 
et al,“? 2007 


Potretzke 
et al,?' 2016 


Fernando 
et al,” 2016 


a Median. 


Multi 


Multi 


Fox Chase 


USC 


Fox Chase 


Multi 


Multi 


Robotic 


2.91 


Robotic and 
laparoscopic 
Robotic 


Laparoscopic 


Robotic, open 


2.9 and 2.6 


Robot 


Open 
Laparoscopic/ 
Robotic 
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Table 3 
Comparison of complications in contemporary series for minimally invasive management of T1b and T2 masses or greater 


Size Overall Intra- Post- 
(cm) Compli- operative 
of No. of cation 
Approach Tumor Patients Rate (%) I-II (%) II-V (%) (%) (%) (%) 


Patard Multi — >4 130 23.1 — 
et al,?? 2007 


Long Fox Chase Mix 8.7 46 34.7 
et al,’° 2012 


Author, Year Institution 


operative 
Clavien Clavien Hemorrhage Hemorrhage Hemorrhage Transfusion Leak ciency Pseudoaneurysm 


Renal 
Urine Insuffi- 


Rate (%) (%) (%) (%) 
14.8 54 — = 


8.2 12.2 


Robotic, 20.7 
laparoscopic, 
open 


Porpiglia Multi Italian 
et al,® 2016 


Petros Multi Robotic 


et al,°° 2012 
Patel Henry Ford 

et al,®' 2010 
Rais-Bahrami Multi 

et al,“* 2008 
Simmons 

et al,° 2009 


Sprenkle 
et al,°? 2012 


Robotic 


Laparoscopic 
Cleveland Clinic Laparoscopic 


Robot and 
laparoscopic 


Memorial 
Sloan-Kettering 
Cancer Center 


Becker et al,*® 
2011 


Germany Open 


Bigot Multi French 
et al,°4 2014 


Robotic, 
laparoscopic, 
open 


Breau et al,” 
2010 

Masson-Lecomte France 
et al,?® 2013 


Mayo Clinic — 


Robotic 
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radical or partial nephrectomy, respectively, 
incurred pleural injury. Splenic injury was low in 
both groups (0.4%). General postoperative com- 
plications such as wound infection, postoperative 
ileus, pneumonia, acute renal failure, and cardio- 
vascular events may also occur after a partial 
nephrectomy.?1:22 


SURGICAL APPROACH 


Laparoscopic and robotic-assisted partial ne- 
phrectomy have been proposed as less invasive 
alternatives to open partial nephrectomy, with pur- 
ported better cosmetic results, less postoperative 
pain, shorter hospitalization, and shorter postop- 
erative recovery for the minimally invasive ap- 
proaches.*° Pneumoperitoneum affords some 
compression of venous bleeding, allowing for 
decreased blood loss and improved visualization 
during renorrhaphy. Robotic partial nephrectomy 
has been developed and proposed as the natural 
evolution and simplification of laparoscopic par- 
tial, with a lesser learning curve and increased 
feasibility for the treatment of more complex and/ 
or large renal tumors.?° A recent matched pair 
analysis demonstrated equivalent perioperative 
and functional outcomes between robotic and 
open partial nephrectomy for patients with sus- 
pected cT1 renal tumors.?° Moreover, the robotic 
approach was associated with a lesser risk of 
bleeding and postoperative complications than 
open partial nephrectomy.*° However, the open 
partial procedure is associated with a shorter 
warm ischemia time and a higher percentage of 
unclamped procedures.”° 


Postoperative 


Urine leak 

Urine leak was the most common postoperative 
complication in the era of open partial nephrec- 
tomy, with rates as high as 17.4%.°° However, 
this complication is becoming an increasingly 
rare occurrence in nephron-sparing surgery in 
the modern era. In a large recent cohort of 1791 
patients undergoing robotic partial nephrectomy 
at 5 tertiary referral centers, Potretzke and col- 
leagues?! found that only 0.78% of patients had 
a urine leak requiring intervention. Other contem- 
porary series report higher rates of urine leak, up 
to 6.5%, with 3.6% of patients requiring interven- 
tion.°*°> Differing definitions of urine leak may 
explain at least part of the discrepancy among 
studies. Factors associated with urine leak include 
the Renal Pelvis Score, collecting system entry, 
warm ischemia time, tumor size, and RENAL 
nephrometry  score.*'°'-°5 Others have also 
shown that large, complex, endophytic tumors 


have the greatest risk of urine leak.*“ Patients typi- 
cally present with a wide variety of symptoms such 
as nausea and vomiting, drainage from the surgi- 
cal site, postoperative ileus, pain, or no symptoms 
at all. Most leaks resolve after adequate decom- 
pression and drainage using a double-J stent, 
nephrostomy tube, or percutaneous drain®*'°> 
(Fig. 1). 


Pseudoaneurysm and arteriovenous fistula 
After partial nephrectomy, patients are also at risk 
for delayed bleeds, which are typically due to arte- 
riovenous fistulae or pseudoaneurysms. Arteriove- 
nous fistulae commonly form when segmental 
arteries and veins are injured during resection or 
often, during suture repair. The average time to 
presentation is 12 to 20 days?! and most pa- 
tients present with hematuria. Alternatively, some 
may present with flank pain, sanguineous surgical 
site drainage, or with no clinical symptoms.°°°” 
The rate of delayed bleeding requiring intervention 
ranges from 1.2% to 4.3%.°° °° Anatomic tumor 
complexity also affects the risk of delayed 
bleeding; for centrally located tumors, the rate of 
angioembolization can be as high as 7%.*° Surgi- 
cal intervention is rarely required; Montag and col- 
leagues“' reported only 1 of 15 cases requiring an 
open nephrectomy, and most other series report 
0% failure rate of angioembolization®®°°*' (see 
Fig. 1). 


Complications Owing Tumor or Anatomic 
Characteristics 


Risk stratification by T stage 

Initially, clinical T staging was the major criteria in 
planning feasibility of partial versus radical ne- 
phrectomy because T1a tumors traditionally were 
the cutoff for partial nephrectomy. It was felt that 
nephron-sparing surgery for T1b tumors or larger 
would result in an unacceptable increase in 
morbidity. In large cohort of patients, Patard and 
colleagues“? investigated the morbidity in relation 
to partial nephrectomy for T1a versus Tib and 
larger tumors. They found significant increases in 
mean operative time, mean blood loss, need for 
collecting system repair, rates of blood transfu- 
sion, and urinary fistula rates in T1b or greater tu- 
mors. In comparison for tumors of less than 4 cm 
compared with those greater than 4 cm, the rates 
of urinary fistula were 1.7% versus 5.4%. Intrao- 
perative blood loss was nearly double for tumors 
greater than 4 cm. For T1b tumors, overall surgical 
complication rate was 12.3% and medical compli- 
cation rate was 10.8%. In a comparison of elderly 
versus young patients undergoing partial nephrec- 
tomy for Tib masses, Roos and colleagues‘? 
found a urinary fistula rates of 11.1%. In 1 cohort, 
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Fig. 1. Examples of post partial nephrectomy complications. (A) Preoperative computed tomography (CT) uro- 
gram in a 65-year-old man with a 6-cm right renal mass (arrow) who underwent partial nephrectomy. (B) The pa- 
tient developed a large right renal pseudoaneurysm that presented as stuttering gross hematuria 3 weeks after 
surgery. An angiogram at the time of embolization demonstrated pseudoaneurysm blush (arrow). (C) A 41-year- 
old man with an enhancing 4-cm left renal mass (arrow) underwent partial nephrectomy. (D) Postoperative excre- 
tory phase of a CT urogram demonstrated collecting system urinary leak (arrow). (Courtesy of Alexander Kutikov, 


MD, Philadelphia, PA.) 


25% of patients required perioperative transfu- 
sion. Similarly, Rais-Bahrami et al** found that 
tumors greater than 4 cm had a significantly higher 
complication rate, with overall rate of complica- 
tions of 37% compared with 21.8%. Porpiglia 
and colleagues“° recently published a multicenter 
comparative study of open, laparoscopic, and 
robotic partial nephrectomy for T1b tumors. Ro- 
botic partial nephrectomy was associated with 
sufficiently less postoperative complications 
compared with open surgery (8% vs 17%; 
P 5 .4) with a minimally invasive approach also 
having decreased positive margins rates. Although 
it seems that complication rates are higher than 
the widely published rates for T1a masses, rates 
seem to be decreasing as experience gains with 
nephron-sparing and robotic surgeries. 
Accepting the slightly higher complication rates 
for the potential benefits of nephron sparing, the 
American Urological Association guidelines for 
clinical stage | renal masses states that partial 
nephrectomy is the treatment of choice as an 
“overriding principle.” The National Comprehen- 
sive Cancer Network guidelines describe partial 


nephrectomy for T1b renal masses as an appro- 
priate treatment strategy in “select patients.”*” 
We agree that appropriate selection and consider- 
ation of anatomic complexity, patient factors, and 
comorbidities as they influence the balance be- 
tween oncologic efficacy, nephron sparing, and 
the risk of complications is imperative to help 
guide the feasibility of partial nephrectomy based 
on a surgeon’s skill set and experience. 

As surgical techniques have advanced, 
nephron-sparing surgery has been increasingly 
applied to T2 masses as well. Similar to T1b 
masses, partial nephrectomy of the T2 mass can 
be expected to come with an increased risk of 
complications. A European series found an overall 
complication rate of 29.6% in T2 masses, with 
10.9% of these experiencing a Clavien-Dindo 
grade III or higher complications. Some of the mor- 
bidities included urinoma (3.2%) requiring ureteral 
stent placement, bowel perforation (1 patient), ab- 
scess (1 patient), and dialysis for acute renal failure 
(2 patients). A smaller series by Breau and col- 
leagues}? demonstrated an increased risk of 
Clavien-Dindo complications occurring in 20% of 
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patients with a urinoma rate of 17.9%. As experi- 
ence with high complexity tumors continues, par- 
tial nephrectomy for clinical stage II renal masses 
is likely to remain a treatment strategy that select 
patients are offered. Appropriate counseling on 
the increased risk of complications is certainly 
warranted. 

With increased advancement in laparoscopic 
tools and techniques and increased surgeon com- 
fort and experience, nephron-sparing surgery is 
being broadened to even large, invasive tumors. 
There are several small case series on partial ne- 
phrectomy in T3b renal tumors with renal vein in- 
vasion.°°°' In 1 series of 7 patients, only 1 
patient had a urinary leak, managed with a JJ 
stent.°? In the largest series of patients, 13 patients 
underwent attempted partial nephrectomy with 
high postoperative surgical complication rates 
with 9 early complications and 1 patient death 
from a pulmonary embolus. Conditions requiring 
reoperation included urine leak, postoperative 
bleeding, and wound dehiscence. Other major 
complications included percutaneous drainage of 
a perinephric abscess and reintubation with 
admission to the intensive care unit for respiratory 
difficulty. With limited publishes series, meaningful 
analysis is limited; however, clearly patients 
should be cognizant of the potential increased 
risks of complications of partial in patients with 
renal vein involvement with consideration for per- 
forming these cases within a well-designed clinical 
trial.°° 


Contemporary risk stratification schema 
Pure size characterization by clinical T staging has 
been shown to have significant limitations. T stag- 
ing criteria does not take into account deeply 
located tumors, or characterize hilar located tu- 
mors, or nearness to the collecting system. These 
tumors have been shown to have a large influence 
of the rates of complications for small renal mass. 
Some studies have shown that the surgeon’s 
willingness for partial nephrectomy is based on 
tumor location rather than pure tumor size.°* This 
concept has led to widespread adoption and use 
for standardized measurements of tumor charac- 
teristics in preoperative imaging, the so-called 
nephrometry score. In numerous studies, the 
nephrometry score has been shown to correlate 
closely with the rates and risks of complications in 
partial nephrectomy. The nephrometry scoring sys- 
tem was created to define more accurately the 
complexity of renal tumors and has been shown 
to be correlated more closely with more objective 
measures of surgical complications and risks. 
Nephrometry scoring has also been shown to be 
useful in surgical decision making, helping to plan 


laparoscopic versus open nephrectomy and par- 
tial versus radical.” The RENAL nephrometry 
score is one of the most widely adopted systems, 
which assigns point values to tumor characteris- 
tics, and is correlated highly with clinical tumor 
staging. 


Risk stratification by tumor complexity 
As outlined elsewhere, the RENAL nephrometry 
score is a standardized anatomic characterization 
of renal tumors widely used in both clinical practice 
and to standardize reporting. The group from Fox 
Chase Cancer Center internally validated the 
RENAL nephrometry scoring system evaluating 
correlation between tumor complexity and compli- 
cations in a prospectively maintained database 
comprising 390 patients who underwent partial 
nephrectomy, both open and minimally invasive.*' 
Complications within 30 days postoperative were 
then collected according the Clavien-Dindo classi- 
fication system. Of these patients, 28%, 55.6%, 
and 16.4% had low, intermediate, and high 
complexity lesions, respectively, as determined 
by RENAL nephrometry score. The majority of 
complications were minor, and 26% of patients 
had a minor complication. Of these patients, 
11.5% had major complications (Clavien-Dindo 
II-V). When stratified by RENAL score, there was 
no difference in the proportion of patients incurring 
a minor complication. However, when evaluating 
rates of major complications (Clavien-Dindo Ill or 
greater), there was a significant increase in the 
proportion of patients experiencing a major compli- 
cation within the high (21.9%) versus moderate 
(11.1%) and low (6.4%) complexity groups 
(P<.05). In the high complexity group, 54.7% of 
patients suffered a postoperative complication. 
Overall, the most common complication was urine 
leak (10.8% of patients). The rate of genitourinary 
complications (including urine leak, pseudoaneur- 
ysm, urinary tract infection, dialysis, lymphocele, 
pyelonephritis, perinephric abscess, acute kidney 
injury, serum creatinine increase of 1.5x baseline, 
perinephric hematoma, wound infection, seroma, 
and transfusion for anemia) was significantly higher 
in the high complexity group (9.4%) compared with 
the low (0%) or moderate complexity groups 
(3.2%). High nephrometry score was also an 
independent predictor of major complications 
(Clavien-Dindo III-V). Patients with complex renal 
tumors (RENAL score 10-12) were 5.4 times more 
likely to sustain a major complication after partial 
nephrectomy. High tumor complexity can be corre- 
lated directly with the risk of major postoperative 
complications requiring a secondary intervention. 
Several other studies have validated these find- 
ings externally. Bruner and colleagues*® found that 


RENAL nephrometry correlated closely with urine 
leak. Each unit increase in the RENAL score was 
associated with a 35% increase in the odds of 
urine leak.°° Tumors that were mainly endophytic 
(“E” score) or located closer to the renal pole (“L” 
score) were similarly associated with increased 
risk of leak. Similarly, in another series, the RENAL 
nephrometry score accurately predicted risk of 
complications in partial nephrectomy and, further- 
more, was found to be predictive of surgeon pref- 
erence for operative approach.°’ In a number of 
studies, the RENAL score is predictive of overall 
complications, warm ischemia time, transfusion 
rate, rates of pseudoaneurysm, and planned con- 
version to partial radical nephrectomy.°°°! 


Complications Owing to Individual Patient 
Characteristics 


Renal Pelvis Score 

Although the RENAL nephrometry score accu- 
rately characterizes the effect of tumor complexity 
on complications such as urinary leak, it does not 
account for renal pelvis anatomy. The Renal Pelvis 
Score is a novel and objective measurement of 
renal pelvis anatomy that can be used to predict 
the risk of postoperative urine leak based on the 
location of the renal pelvis relative to the renal pa- 
renchyma.®®33 An extrarenal pelvis is defined 
as greater than 50% of the pelvic volume outside 
the renal parenchyma, whereas an intrarenal pelvis 


Intrarenal renal pelvis 
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is defined as less than 50% of the pelvic volume 
contained outside the renal parenchyma (Fig. 2). 
Theoretically, an intrarenal pelvis is smaller with 
longer and thinner infundibula. This anatomic vari- 
ation results in a smaller functional radius of the 
pelvis, leading to increased intrapelvic pressure 
and a greater likelihood of urinary leak after 
nephron-sparing surgery.°* 

Tomaszewski and colleagues“ investigated the 
effect of Renal Pelvis Score on the rate of urine 
leak in a prospectively maintained partial nephrec- 
tomy database at a tertiary care center. Urine leak 
was defined as persistent drain output after 
48 hours with drain analysis or radiographic find- 
ings consistent with a urine leak. A total of 231 
extrarenal pelvises and 24 intrarenal pelvises 
were included in the study. Patients with an intra- 
renal pelvis had a 75% risk of urine leak and a 
37.5% chance of a urine leak requiring interven- 
tion. In contrast, only 6.5% of patients with an 
extrarenal pelvis had a urine leak and 3.9% had 
a urine leak requiring intervention.°* 

In a follow-up internal validation study, Tomas- 
zewski and colleagues? investigated the risk fac- 
tors for urine leak among 831 patients undergoing 
partial nephrectomy in the same database. 43% of 
patients with an intrarenal pelvis had a urine leak 
(vs 3.0% in patients with extrarenal pelvis) and 
23.6% had a major leak requiring intervention (vs 
1.7% in patients with extrarenal pelvis). On multi- 
variate analysis, the Renal Pelvis Score was the 


Extrarenal renal pelvis 


Fig. 2. In an intrarenal pelvis (/eft). More than 50% of the renal pelvis is concealed within an imaginary line con- 
necting the edges of the renal parenchyma. In an extrarenal pelvis (right), 50% of the renal pelvis lies outside the 
line. (From Tomaszewski JJ, Smaldone MC, Cung B, et al. Internal validation of the renal pelvic score: a novel 
marker of renal pelvic anatomy that predicts urine leak after partial nephrectomy. Urology 2014;84(2):352; 


with permission.) 
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strongest predictor of postoperative urine leak 
(odds ratio, 24.8; P<.001). Other factors associ- 
ated with urine leak include an RENAL nephrome- 
try “E” score of 3 (odds ratio, 4.5; P<.001), and 
intraoperative collecting system entry (odds ratio, 
6.1; P<.001). 

An intrarenal pelvis, as measured and defined by 
the Renal Pelvis Score, is a strong predictor of 
postoperative urine leak. Preoperatively, the pres- 
ence of an intrarenal pelvis may warrant consider- 
ation of prophylactic measures, such as ureteral 
stent placement or intraoperative retrograde 


pyelography. 


Perinephric fat 

An overlooked area in tumor anatomy—based 
scoring systems is individual patient characteris- 
tics. As most surgeons have often painstakingly 
come to realize, a potential complicating factor in 
the minimally invasive approach is the perinephric 
fat or so called “sticky fat.” This puts the patient at 
risk for postoperative complications and can be 
linked to surgical difficulty. To standardize preop- 
erative assessment, a scoring system was created 
that could accurately and reliably predict the pres- 
ence of adherent perinephric fat. The Mayo Adhe- 
sive Probability score uses preoperative imaging 
to determine the risk of adherent fat (Fig. 3). 
They found the most effective predictive charac- 
teristics for adherent fat was the posterior peri- 
nephric fat thickness and perinephric stranding. 
Based on this information measured on preopera- 
tive imaging, the scoring system accurately 


Fig. 3. Mayo Adhesive Probability Scoring: posterior 
fat measurement. P, posterior (modality used in 
Mayo Adhesive Probability Score); L, lateral; RV, renal 
vein. (From Davidiuk AJ, Parker AS, Thomas CS, et al. 
Mayo adhesive probability score: an accurate image- 
based scoring system to predict adherent perinephric 
fat in partial nephrectomy. Eur Urol 2014;66(6):1166; 
with permission.) 


predicts the risk of encountering adherent fat dur- 
ing laparoscopic partial nephrectomy.°* 

In a similar fashion, a group from the University 
of Washington also noted that perinephric fat 
had a significant impact on operative com- 
plexity.°° In a group of 53 patients, perinephric 
fat was measured in the anterior, posterior, medial, 
and lateral orientations. The study found that for 
every 1-mm increase in medial perinephric fat, 
intraoperative blood loss increased by 24 mL and 
operative time increased by 3.3 minutes. Similar 
findings were also found for posterior perinephric 
fat measurements. Both these measures were in- 
dependent predictors of estimated blood loss 
and operative time, whereas abdominal wall fat 
had no association. Furthermore, these associa- 
tions were independent of nephrometry score as 
well. 


Baseline health 

Patients with comorbidities are at an increased 
risk for postoperative complications. In 1 retro- 
spective analysis, patients who were older than 
75 years old or had a Charleston comorbidity index 
of greater than 2 were more likely to have Clavien I- 
Il complications. Furthermore, the odds of any 
complication were 1.9 times higher in the high- 
risk patient group compared with a low-risk patient 
cohort.®* On multivariate analysis, smoking and an 
American Society of Anesthesiologists score of 3 
or greater have been shown to be associated 
with the need for transfusion. The need for a trans- 
fusion is 3.5 times more likely in a smoker versus a 
nonsmoker.°° 


Complication rates over various resection and 
ischemia techniques 

Renal vascular clamping is necessary to minimize 
hemorrhage and allow visualization during excision 
and renorrhaphy. Despite recent literature impli- 
cating volume preservation as the most important 
factor in preserving renal function, some centers 
have sought minimal or zero ischemia techniques 
for partial nephrectomy. No differences in compli- 
cation rates were observed in comparing superse- 
lective clamping to standard renal artery clamping 
during robotic partial nephrectomy,°° or superse- 
lective partial to zero ischemia techniques.°° 
Studies comparing techniques of ischemia and 
resection technique (enucleation vs resection) 
have been nonrandomized, thereby imparting a 
high degree of selection bias. Further, heterogene- 
ity in surgical technique between series makes 
meaningful comparisons difficult. However, no 
studies have shown decreased perioperative com- 
plications favoring one resection or ischemia 
approach. 


SUMMARY 


Partial nephrectomy is an inherently more complex 


operation than radical 


nephrectomy with an 


increased risk of complications. Providers have 
access to several risk stratification schema to 
help aid in the quantification of risk individualized 
to each patient, perioperative decision making 
and develop operative approaches to minimize 
risk. 
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KEY POINTS 


e The purpose of neoadjuvant targeted molecular therapy in patients with renal cell carcinoma is to 
reduce tumor burden, prevent distant metastases, and increase overall survival. 


resectable. 


of renal cancers with tumor thrombus. 


In select patients, neoadjuvant therapy offers the possibility of making an unresectable tumor 


Further investigations are required to determine the role of neoadjuvant therapy in the downstaging 


e Neoadjuvant therapy reduces tumor size and complexity, potentially making a partial nephrectomy 
feasible in cases in which it was originally deemed not possible. 


should be used carefully in select patients. 


INTRODUCTION 


Renal cell carcinoma (RCC) is considered the most 
lethal of genitourinary malignancies with 62,700 
new cases and 14,240 deaths estimated for 
2016.' The US Food and Drug Administration has 
approved multiple targeted molecular therapies 
(TMTs) for advanced RCC during the last decade.” 
Patients with RCC can be diagnosed when still 
localized (organ-confined RCC), with locally 
advanced RCC, or with metastatic RCC (mRCC). 

The use of neoadjuvant therapies in patients 
with known metastatic disease is to reduce tumor 
burden, prevent distant metastasis, and increase 


The use of neoadjuvant therapy in patients with renal cell carcinoma is still being investigated, and it 


overall survival. Multiple randomized controlled tri- 
als have shown the efficacy of TMT for advanced 
RCC.*° Management of locally advanced RCC 
can be challenging for both urologists and the 
medical oncologists. In some cases, locally 
advanced RCC becomes unresectable because 
of the invasion of adjacent organs, bulky lymph- 
adenopathy, or involvement of vital or critical 
structures such as mesenteric blood vessels. In 
these cases, presurgical therapy is used predom- 
inantly to reduce tumor size and prevent further 
local progression. Aggressive surgical resection, 
when feasible, can render the patient disease 
free and recurrence free. 
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The role of preoperative neoadjuvant therapy in 
locally advanced and localized RCC remains 
controversial. Ultimately, larger scale studies, 
and ideally randomized clinical trials, will be 
required to explore TMT use not only with regard 
to primary tumor and venous thrombus downstag- 
ing but also in the facilitation of nephron-sparing 
strategies. 


SUMMARY/DISCUSSION 
Role of Presurgical Therapy for Renal Cell 
Carcinoma 


Since the approval of TMT for advanced RCC, 
there have been multiple studies using these 
agents in various settings, following ineffective 
prior therapy and as first-line systemic therapy, 
and largely following prior cytoreductive nephrec- 
tomy. A great deal of investigation has attempted 
to clarify the role of tyrosine kinase inhibitors 
(TKIs) and mammalian target of rapamycin inhibi- 
tors in the adjuvant and neoadjuvant settings 
within the last decade. '° Although the adjuvant tri- 
als to date have not shown any clinical benefit, 11? 
the potential advantages of presurgical treatment 
extend beyond an overall survival difference. Neo- 
adjuvant TMT has the potential to reduce primary 
tumor size and complexity, effect primary tumor 
downstaging, improve surgical outcomes, and 
decrease perioperative morbidity and mortality. ° 

Initial studies suggested that neoadjuvant TMT, 
specifically with TKls, might be the only viable 
option in the setting of locally advanced RCC if 
the tumor is unresectable and therefore not 
amenable to surgery. Although most patients 
experience some degree of tumor shrinkage, a 
subset of patients experience cancer progression 
or a rapid regrowth of tumors after discontinuation 
of therapy, '^ indicating that routine use is not best 
practice at the present time. The use of neoadju- 
vant TMT for mRCC is best reserved for select, 
heterogeneous settings. The most studied agents 
in the presurgical setting are sunitinib, pazopanib, 
sorafenib, and bevacizunimab.'® Although there 
are some perioperative issues to consider, 
including increased bleeding risk and potential 
for wound-healing issues, in general these agents 
can be used safely before surgery. '°'” 


To Decrease Tumor Size 


Examination of data from prospective phase Il 
studies of TMT for advanced RCC, as well as retro- 
spective analyses of TMT in the presurgical 
setting, have established a consistent pattern 
of primary tumor reduction with certain agents 
(Table 1). The effect of sunitinib on the primary tu- 
mor in mRCC was first reported in 2008.'° van der 


Veldt and colleagues'® retrospectively analyzed 
22 out of 95 patients who had a primary tumor in 
situ. Seventeen of these 22 patients had an evalu- 
able follow-up computed tomography (CT) scan. 
Of these 17 patients, 4 (23%) had a partial 
response, 12 (71%) had stable disease, and 1 
(6%) had progressive disease. There was a signif- 
icant decrease in the volume of the primary tumors 
(median, 31%; P = .001). There was a significant 
decrease in the volume of the solid part (median, 
54%; P = .001), whereas the volume of necrosis 
within the tumor increased significantly (median, 
39%; P = .035). Three patients (18%) with primary 
tumors that were initially deemed unresectable un- 
derwent nephrectomy because of a decrease in 
tumor volume. Although this study had some limi- 
tations, such as limited follow-up and number of 
patients, it represented a foundation for prospec- 
tive research into the effect of TMT in locally 
advanced and localized RCC. 

The MD Anderson group evaluated the primary 
tumor response in 168 patients treated with TMT 
for mRCC.'° Median maximum primary tumor 
response was —7.1% for patients treated between 
2004 and 2009; greater than 30% decrease while 
on targeted therapy for mRCC is rare. A study by 
Jonasch and colleagues*° evaluated the safety 
and response rates of bevacizumab in the preop- 
erative setting in mRCC. A total of 50 patients 
were analyzed; 41 (82%) were categorized as in- 
termediate risk and 9 (18%) were poor risk based 
on the Memorial Sloan Kettering Cancer Center 
criteria. Forty-five patients were able to undergo 
restaging scans after 8 weeks of treatment and 
23 patients (62%) had some degree of tumor 
reduction. No patient showed a reduction in pri- 
mary tumor diameter greater than 30%, but a 
10% reduction was seen in 23% of patients using 
Response Evaluation Criteria in Solid Tumors 
(RECIST) methodology. 

In a retrospective study by Lane and col- 
leagues,*' 72 potential candidates, including 6 pa- 
tients who had bilateral tumors, were treated with 
sunitinib before surgery. Sixty-percent of the pa- 
tients had nonmetastatic locally advanced RCC 
and 40% had metastatic disease at baseline eval- 
uation. There was a significant reduction in median 
tumor size from the initial 7.2 cm (interquartile 
range [IQR], 5.3-7.8) to the posttreatment size of 
5.3 cm (IQR, 4.1-7.5; P = .0001). A 32% reduction 
in tumor area was observed after treatment (IQR, 
14%-46%) and a partial response was observed 
in 15 patients (19%). Sixty-two patients (86%) 
were able to undergo surgery after treatment. 

Based on these studies, the use of neoadjuvant 
treatment to reduce tumor size is a reasonable 
expectation, with modest effects on the order of 


Table 1 


Outcomes, implications, and future directions of neoadjuvant therapy for localized and locally advanced renal cell carcinoma 


2006-2010 


Shuch et al,?? 2008; Ansari et al,>* 
2009; Silberstein et al,** 2010 


The Role of Therapy 


Tumor downsizing 


Patients: 14 

Outcome: 22% reduction (average) 
in primary tumor size across 
studies 


2011-2015 


Powles et al,*° 2011; Lane et al,” 
2015; Rini et al,” 2015; Karam 
et al,*° 2014; Rini et al,“* 2012 

Patients: 215 

Outcome: 24% reduction (average) 
in primary tumor size across 
studies 


Implications and Future Directions 


Large-scale retrospective data show 
consistent results in terms of 
tumor downsizing, with waterfall 
plots showing >75%-85% of 
patients having tumor 
stabilization or shrinkage. Only a 
minority of patients have a 
dramatic (>30%) reduction. Based 
on the current literature, targeted 
therapy can achieve this outcome, 
but it remains unclear how large 
an impact tumor shrinkage has on 
choice of surgical approach, 
amenability to various surgical 
options, and perioperative 


morbidity 


Reducing tumor complexity (RENAL Studies: 0 
nephrometry score) 
Patients: 0 


Outcome: not found 


Lane et al,?' 2015; Rini et al,?? 2015; 
Karam et al,” 2016 

Patients: 121 

Outcome: reduction of nephrometry 
score in 55% of primary tumors 
overall 


Targeted therapy can produce 
decreased tumor complexity, 
potentially facilitating minimally 
invasive surgery and/or PN. It 
remains unclear how 
advantageous this approach is 
compared with up-front surgery. 
Clinical trials would be needed to 
determine appropriateness for 
selected patient scenarios 


(continued on next page) 
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Table 1 
(continued) 


The Role of Therapy 2006-2010 2011-2015 Implications and Future Directions 


Facilitate radical nephrectomy to PN 


Regression of tumor thrombus level 


and facilitates thrombectomy 


Shuch et al,?? 2008; Ansari et al,” 
2009; Silberstein et al,** 2010 


Patients: 14 

Outcome: NSS was performed in 14 
of 14 (100%) cases, including 
bilateral PN in 3 cases 


Shuch et al,?? 2008; Di Silverio et al,?” 
2008; Karakiewicz et al,” 2008; 
Robert et al,*” 2009; Harshman 


et al,*° 2009; Kroeger et al,*? 2010; 
Bex et al,°° 2010; Kondo et al,”! 
2010 

Patients: 9 


Outcome: 
Thrombus level regression: 67% 
Increase level: 22% 
Stable level: 11% 


Powles et al,*° 2011; Lane et al,?' 
2015; Rini et al,2* 2015; Karam 
et al,“° 2014; Rini et al,“* 2012; 
Karam et al,2* 2016 

Patients: 215 

Outcome: NSS was performed in 127 
of 215 (59%) cases, including 
bilateral PN in 6 cases 


Cost et al, ° 2011; Horn et al,°* 2012; 
Sano et al,°* 2013; Sassa et al,°* 
2014; Peters et al,” 2014; Bigot 
et al,*° 2014; Zhang et al,^ 2015 


Patients: 65 

Outcome: 
Thrombus level regression: 25% 
Increase level: 4% 
Stable level: 71% 


Retrospective data suggest that TMT 


can facilitate PN, by reducing 
tumor volume and complexity. 
Surgery (RN or PN) seems safe after 
TMT, but the lack of randomized 
data again makes it difficult to 
determine whether major surgical 
benefit occurs with TMT 


It seems that neoadjuvant therapy 
results in clinical thrombus level 
reduction in some cases (w 25%) 
and facilitates thrombectomy, 
with reduced perioperative 
morbidity. It remains to be 
determined whether this effect is 
also found in randomized clinical 
studies 


Making unresectable tumors 
resectable 


Thomas et al,” 2009; Bex et al,*? 
2009 

Patients: 29 

Outcome: after treatment 24% of 
patients had tumors deemed 
resectable 


Abbreviations: NSS, nephron-sparing surgery; PN, partial nephrectomy. 


Rini et al,“* 2012 


Patients: 28 

Outcome: after treatment 46% of 
patients had tumors deemed 
resectable 


Neoadjuvant therapy can decrease 
tumor size and complexity making 
resection possible for tumors that 
were initially deemed 
unresectable. Further trials could 
aid in selection of patients most 
likely to benefit from treatment 
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10% to 30% in 70% to 85% of patients. '° Clini- 
cians should be clear about the value of using 
this additional therapy, and the risks of therapy, 
before selecting it in each clinical scenario. 


Reducing Tumor Complexity 


The preservation of renal function is one of the 
main objectives of partial nephrectomy (PN), espe- 
cially when radical nephrectomy (RN) would leave 
the patient dialysis dependent. Preoperative TMT 
may help reduce tumor burden, making PN more 
feasible with resultant preservation of renal func- 
tion.22 Radius Exophytic/Enophytic Nearness of 
tumor to the collecting system or sinus Anterior/ 
posterior Location relative to polar lines (RENAL) 
nephrometry scores are objective measures of tu- 
mor complexity, which can be quantified before 
and after neoadjuvant therapy.*° Three studies 
provide evidence that neoadjuvant TMT reduces 
tumor complexity (see Table 1). 

In a 4-center retrospective analysis of 72 poten- 
tial candidates for PN who were treated with suniti- 
nib before definitive renal surgery on 78 kidneys, 
median RENAL score was 10 (IQR, 9-11) before 
and 9 (IQR, 8-10) after sunitinib treatment.?' 
Forty-four patients (61%) experienced a decrease 
in RENAL nephrometry score (RNS). The investiga- 
tors concluded that neoadjuvant therapy reduces 
tumor size and complexity, and decreases RNS 
score by 1 point in most patients, making PN 
possible in tumors that were not initially amenable. 

Rini and colleagues** reported a prospective 
trial enrolling 25 patients to receive 8 weeks of 
pazopanib in order to try to preserve renal function 
by facilitating PN. Median tumor size was 7.3 cm 
and median RENAL score was 11 (80% with 
RENAL 10-12) for the 28 tumors. Following ther- 
apy, RENAL score increased in 1 tumor (4%), 
remained stable in 7 tumors (25%), and decreased 
in 20 tumors (71%) by 1 (n = 10), 2 (n = 5), 3 
(n = 4), or 4 (n = 1) points. Tumor complexity 
group decreased (eg, high to intermediate) in 10 
of 28 tumors (36%). In addition, when considering 
only the 13 tumors for which PN was not feasible, 
based on surgeon assessment, 6 were able to 
successfully undergo nephron-sparing surgery 
(NSS) (46%) after pazopanib treatment. 

Karam and colleagues‘ reviewed CT scans ob- 
tained during a phase II clinical trial of presurgical 
axitinib administered for 12 weeks and stopped 
36 hours before nephrectomy. The goal of the study 
was to determine the interobserver agreement 
regarding feasibility of PN before and after treat- 
ment.** A total of 24 patients with biopsy-proven 
clear cell RCC were enrolled in this study. Median 
RENAL score significantly changed from 11 (range, 
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7-12) before treatment to 10 (range, 7-11) after 
treatment (P = .002). The 5 tumors that showed 
moderate complexity before treatment did not 
change after treatment. Three of 17 high- 
complexity (RENAL, 10-12) tumors (18%) had 
moderate complexity (RENAL, 7-9) after treatment. 

RENAL scores provide a quantitative assess- 
ment of tumor complexity that reflects amenability 
to PN, but PN is feasible even for some high- 
complexity tumors in experienced hands. For this 
reason, strict size or RENAL score criteria for clin- 
ical trial entry may not accomplish the task of 
assessing tumors that can or cannot be treated 
with PN. Such trials are likely to need external re- 
view, as suggested and performed by Karam and 
colleagues.** Recently, Derweesh and colleagues 
opened a protocol in which 50 patients are enrolled 
in a single-arm phase II study of axitinib for clear cell 
RCC (data not yet published). Reduction in tumor 
complexity is seen in most patients treated with 
neoadjuvant TMT, making consideration of TMT 
in properly selected patients a reasonable option. 


To Perform Partial Nephrectomy Rather Than 
Radical Nephrectomy 


Most patients with small renal mass (SRM) have 
limited oncological risk, with greater than 95% 
long-term cancer-specific survival for pathologic 
T1a cancer.’ Only 20% of SRM are potentially 
aggressive cancers, with the remaining SRM hav- 
ing benign (20%-25%) or indolent (w 60%) histol- 
ogy.*° In addition, primary tumor burden and the 
reduction in parenchymal mass from treatment 
place patients with kidney cancer at greater risk 
for chronic kidney disease (CKD), which has 
been linked to increased risks of cardiovascular 
events and all-cause mortality. The approach to 
diagnosis, management, and follow-up for a small 
renal mass (<7 cm) should be individualized with 
attention to preservation of healthy parenchymal 
tissue without compromising oncological out- 
comes.’ A previous study showed that 26% of 
kidney patients with kidney cancer had an esti- 
mated glomerular flow rate (eGFR) of less than 
60 mL/min before any surgical intervention and 
39% of patients had CKD (according to this defini- 
tion) after surgery.2° Progression of CKD is greater 
after RN than after PN, and expanding the CKD 
definition to account for proteinuria indicates that 
up to 45% of patients have CKD before surgery.*° 
The impact of CKD caused by the surgical removal 
of nephrons (CKD-S) seems to be less than of CKD 
from medical causes.°° Future evidence-based 
clinical studies are required to determine the ad- 
vantages of PN, so that the benefits of decreased 
risk of CKD and potential increased oncological 
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risk compared with RN will result in appropriate 
trade-offs.°' 

For patients with localized RCC and absolute in- 
dications for kidney-sparing surgery, the benefits 
of PN outweigh the risk of RN, in order to prevent 
progression of CKD to end-stage renal disease 
(see Table 1). Clinical scenarios in which PN is 
indicated include patients who present with can- 
cer in a solitary kidney, bilateral renal masses, pre- 
existing CKD, and/or comorbidities placing them 
at higher risk for CKD progression after surgery. 
As a consequence, neoadjuvant TMT has been 
evaluated in these scenarios in an attempt to pre- 
serve more healthy parenchymal tissue without 
compromising overall oncological outcomes. 

Based on the ability of certain TMT agents to 
reduce the primary tumor burden and downstage 
tumors, several groups have investigated whether 
TMT can facilitate PN with imperative or absolute in- 
dications for kidney-sparing surgery (Table 2). 
Shuch and colleagues** reported a 50-year-old 
woman with an 8.5-cm tumor in her left kidney 
with evidence of ipsilateral adrenal and lung metas- 
tasis. She was counseled that PN would not be 
possible because of size and central location of 
the tumor. The patient then underwent neoadjuvant 
therapy, which led to a reduction in the size of both 
the primary tumor (25%) and metastatic tumor 
burden (80%). She underwent PN and adrenalec- 
tomy without perioperative complication. Another 
reported case involved a patient with locally 
advanced, high-grade clear cell RCC who under- 
went a left RN and developed 2 enhancing renal 
masses in the remaining kidney during routine 
follow-up 15 months later.°° After 2 cycles of neoad- 
juvant therapy, overall tumor volume was reduced 
20% and no metastatic disease was observed. 
The patient underwent PN with 40 minutes of cold 
ischemia without need for postoperative dialysis. 

In a multicenter retrospective study focused on 
the feasibility and efficacy of neoadjuvant therapy 
before NSS, 12 patients received neoadjuvant 
TMT before 14 PN.°* Mean tumor size reduction 
was 21.1%, with partial responses in 4 of 14 tumors 
(28.6%) and stable disease in 10 (71.4%). All pa- 
tients had clear cell RCC and PN was performed 
with negative tumor margins based on the final 
pathologic analysis. Mean warm ischemia time 
was 22.5 minutes, with mean estimated blood 
loss of 318.2 mL. At a mean follow-up of 
23.9 months, overall and disease-free survival 
was 10 of 12 (83%), with 1 death resulting from met- 
astatic disease. None of the patients required dial- 
ysis during the acute postoperative period during 
the follow-up. After NSS, 3 of the 14 renal units 
developed delayed urinary leaks, and these were 
resolved using conservative measures. These 


delayed urinary leaks occurred in patients with 
metastatic disease who resumed sunitinib treat- 
ment after surgery. Despite being small numbers, 
these data show that neoadjuvant therapy plays a 
significant role in overall tumor burden reduction 
and may facilitate PN. They also show that patients 
who underwent postoperative systematic therapy 
were at a higher risk of developing urinary leaks, 
which is likely caused by the antiangiogenic and 
antiproliferative effects of neoadjuvant therapy.°° 

Lane and colleagues?! reported the outcomes 
of 72 patients undergoing surgery on 78 kidneys 
following neoadjuvant sunitinib. Median primary 
tumor size was 7.2 cm before and 5.3 cm after 
sunitinib treatment, with a median reduction in 
bidirectional area of 32% (and 18% reduction in 
maximum tumor diameter). Downsizing occurred 
in 83% of tumors and tumor complexity per 
RENAL score was reduced in 59%. Surgery was 
performed for 68 tumors (87%) and was not 
delayed in any patient because of drug toxicity. 
PN was performed on 49 kidneys (63%), with 
76% and 41% of patients without and with meta- 
static disease, respectively, undergoing PN. Pre- 
surgical sunitinib treatment can result in 
reduction of tumor size and complexity before sur- 
gery and may make PN possible for cases in which 
it would not otherwise be feasible. However, clin- 
ical trials that investigate the renal function, onco- 
logical, and survival outcomes in patients 
receiving this multimodality of therapy are required 
to make more definitive conclusions. 

At least 3 prospective trials have contributed in- 
formation that has relevance to the question of 
whether neoadjuvant TMT leads to tumor 
shrinkage that might facilitate PN. Hellenthal and 
colleagues®° administered 37.5 mg of sunitinib to 
all patients with renal cancer before surgery. Of 
20 patients, 17 (85%) experienced reduced tumor 
diameter (11.8%) and cross-sectional area 
(27.9%) and 8 underwent laparoscopic PN 
(40%). In the study by Rini and colleagues,”* 17 
of 25 patients (68%) underwent PN. In 6 of 13 pa- 
tients, PN was considered not possible before sys- 
tematic therapy primarily because of unfavorable 
tumor location and size.** Ninety-two percent of 
patients experienced tumor volume reduction after 
8 weeks of therapy. Postoperative margins were 
negative in 23 patients (92%) and urinary leak 
and perioperative transfusion rate was 25%. Post- 
operative long-term dialysis was required for 21% 
of the patients. In addition, Karam and col- 
leagues** studied the interobserver agreement 
on feasibility of PN before and after neoadjuvant 
therapy. In this study, 5 independent urologic on- 
cologists reviewed pretreatment and posttreat- 
ment CT scans from 22 patients. They concluded 


Table 2 
Feasibility and surgical outcomes of partial nephrectomy after neoadjuvant treatment of localized and locally advanced renal cell carcinoma 


Neoadjuvant 
Agents and 
Duration of Primary Tumor 


References N Tumor Stage Treatment Size Reduction Complications Type of Surgery Outcomes 


Shuch et al,?? 1 T1bN2M1 Sunitinib (2 cycles) 25% reduction of No complication 1 PN Serum creatinine 
2008 primary tumor; level before 
30% reduction surgery, 1.2 mg/ 
of metastases dL; after 
surgery, 1.3 mg/ 
dL 


Ansari et al,” Bilateral left side: Sunitinib (4 cycles) 20% reduction No complication 2 PN (bilateral) Postoperative: 


2009 T3bNOMO GFR 28 mL/min 
Dialysis and 

recurrence free 
for 6 mo 


Silberstein et al,** 12 Variable stages, Sunitinib (4cycles) 21.1% mean Urinary leak: 21% 14 PN, including 2 Preoperative and 
2010 including reduction Pneumonia: 8% bilateral PN postoperative 
locally Wound hernia: GFRs were 58 
advanced and 8% and 53 mL/min/ 
distant 1.73 m2, 
metastasis respectively. 
Dialysis free 
during mean 
follow-up of 
23.9 mo 


(continued on next page) 


Adesaul sepndajoy\| payebiey yUeAn[peoan 


S67 


Table 2 
(continued) 


Neoadjuvant 
Agents and 
Duration of 


Primary Tumor 


References N Tumor Stage Treatment Size Reduction Complications Type of Surgery Outcomes 


22% median 
reduction 


Rini et al,4* 2012 28 Variable stages, Sunitinib (4 cycles) 
including 

locally 

advanced and 

distant 


metastasis 


UTI: 23% 

Atrial fibrillation: 
15% 

Pulmonary 
edema: 7% 

ARF: 15% 

Pneumothorax: 
7% 


13 patients had 
surgery (46%) 

9 PN (69%) 

4 RN (31%) 


Median follow-up 
after surgery: 
17 mo; 23% PD, 
8% recurrent 
tumor 
thrombus 


Axitinib (12 wk) 28.3% median 


reduction 


Karam et al,*° 24 Variable stages, 
2014 including 
locally 
advanced, 
nonmetastatic 
biopsy-proven 
RCC 


Chylous ascites: 
12.5% 

PE: 8.3% 

lleus: 8.3% 


5 PN (21%) 
19 RN (79%) 


No PD during 
therapy or rapid 
development of 
metastases 
after surgery 


32% median 
reduction 


Lane et al,?' 2015 72 Variable stages of 
locally 
advanced and 


mRCC 


Sunitinib (4 cycles) 


Blood transfusion 
required: 13% 

Pneumothorax: 
2% 

Urinary leak: 3% 


62 patients had 
surgery (86%) 

49 PN (63%), 
including 6 
bilateral PN 


Preoperative and 
postoperative 
GFRs were 63 
and 51 mL/min/ 
1.73 m2; median 
follow-up: 2.2 y 
after diagnosis 


26% median 
reduction 


Rini et al, 2015 25 


Locally advanced 
RCC (T1-T3b) 


Pazopanib (8 wk) 


Urinary leak: 25% 

Perioperative 
transfusion: 
25% 

Wound infection: 
8% 


18 PN (72%) 
7 RN (28%) 


Abbreviations: ARF, acute renal failure; GFR, glomerular flow rate; PD, progressive disease; PE, pulmonary embolism; UTI, urinary tract infection. 


Postoperative 
long-term 
dialysis was 
required for 
21% 
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that the odds of PN feasibility were 22.8 times 
higher after neoadjuvant therapy. In order to defin- 
itively answer whether presurgical TMT improves 
the feasibility of NSS, a randomized clinical trial 
would be required. 


To Downstage Tumor Thrombus and Facilitate 
Thrombectomy 


Neoadjuvant TMT in the setting of tumor thrombus 
has been evaluated to determine whether this 
approach could downstage vena cava thrombus 
and facilitate thrombectomy as well as decrease 
perioperative morbidity and mortality (see Table 1; 
Table 3). The first reported case described treat- 
ment of a patient with a 7.5-cm renal mass with 
an associated level II tumor thrombus within the 
inferior vena cava (IVC).°° After 4 cycles of suniti- 
nib therapy, the tumor thrombus regressed to 
where it only barely poked into the IVC (level 0/1), 
reducing the extent of surgery required. Di Silverio 
and colleagues?” described a similar case in which 
a patient with a 9-cm left renal mass and IVC tumor 
thrombus was treated with presurgical TMT. After 
6 months of neoadjuvant therapy, the thrombus 
was limited to the left renal vein and open left RN 
was performed without complication. Karakiewicz 
and colleagues?? reported a woman with 11-cm 
left renal mass with a 2-cm intra-atrial tumor 
thrombus (level IV). After 2 cycles of sunitinib ther- 
apy the primary tumor diameter decreased from 
11 cm to 8 cm and the tumor thrombus regressed 
into the IVC below the hepatic veins. Surgery was 
completed through an exclusively abdominal 
approach, greatly reducing the perioperative 
morbidity. These initial reports contributed to the 
initial excitement about the potential of significant 
activity in this setting. 

In retrospective analyses of larger multi- 
institutional series, the impact of TMT before 
thrombectomy seems to be less consistent. 
Cost and colleagues*® evaluated the outcomes 
of 25 patients treated with TMT for locally 
advanced RCC with IVC tumor thrombus. The 
outcomes evaluated included change in clinical 
level of tumor thrombus, and radiological re- 
sponses in thrombus size, height, and location 
before and after neoadjuvant therapy. Thrombus 
level was Il in 18 patients (72%), Ill in 5 patients 
(20%), and IV in 2 patients (8%) before therapy. 
A median of 2 cycles of sunitinib (n = 12), bevaci- 
zumab (n = 9), temsirolimus (n = 3), and sorafenib 
(n = 1) were administered. After therapy, 7 cases 
(28%) had increased thrombus height, 7 (28%) 
had no change, and 11 (44%) had decreased 
thrombus height. Twenty-one patients (84%) had 
stable thrombus levels, whereas 3 patients 
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(12%) underwent downstaging in thrombus level 
(1 level IV to level Ill, 1 level II to level Il, and 1 level 
Il to level 0). Only 1 patient (4%) underwent reduc- 
tion of the thrombus level that resulted in a change 
of surgical feasibility (from level IV to level III). One 
patient (4%) experienced an increase in the 
thrombus level (from level Il to level Ill). There 
were no Statistically significant differences in the 
end points of the study, leading the investigators 
to conclude that the use of TMT for locally 
advanced RCC and tumor thrombus should be 
considered investigational. 

Similarly, Bijot and colleagues*° analyzed the ef- 
fect of neoadjuvant therapy on size and thrombus 
level in 14 patients with locally advanced clear cell 
RCC with IVC tumor thrombus. Before therapy, 
thrombus level was | in 1 patient (7%), Il in 10 pa- 
tients (71%), and Ill in 3 patients (22%). Eleven pa- 
tients (78%) received sunitinib and 3 patients 
(22%) received sorafenib for a median of 2 cycles. 
Following TMT, 12 patients (85%) had a stable 
thrombus levels, 1 patient (7%) experienced 
downstaging of thrombus level, and 1 patient 
(7%) had an upstage. A third study evaluated the 
clinical efficacy of TMT before surgery in 18 pa- 
tients with high-risk RCC, including 5 patients 
(28%) with tumor thrombi.*' Sorafenib was admin- 
istered for 96 days before surgery. Among the 5 
patients who had IVC tumor thrombi, 2 patients 
who were classified grade II before sorafenib treat- 
ment became grade | and grade 0 respectively and 
2 patients who were grade Ill became grade Il. 
Based on these studies, the role of neoadjuvant 
TMT in the setting of locally advanced RCC with 
tumor thrombus is still experimental. It is unclear 
whether specific TMT agents work better than 
others, although most clinicians favor TKls at pre- 
sent. Although it seems intuitive that avoiding a 
sternotomy is a desirable outcome, whether 
reduction in thrombus height, volume, or level 
and/or reduction in tumor volume facilitate renal 
surgery in a substantive way and enough to offset 
the competing risk of cancer progression before 
surgery. A decision to use presurgical TMT in the 
setting of IVC thrombi should be made on a 
case-by-case basis. 


To Make Unresectable Tumors Resectable 


Neoadjuvant therapy offers the possibility of 
converting an unresectable tumor into a resect- 
able one. In the first study describing neoadjuvant 
sunitinib use, Thomas and colleagues** at the 
Cleveland Clinic reported the outcomes in 19 pa- 
tients with advanced RCC who had tumors 
deemed unresectable by the treating urologist. 
Reasons for unresectability included bulky 
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Table 3 
Clinical outcomes following presurgical targeted molecular therapy for renal cell carcinoma with venous tumor thrombus 
Tumor Thrombus Targeted Agents and 
Level Before and Effect on Tumor Duration of Tumor Size 
References N After Diagnosis Thrombus Level Treatment Reduction Overall Outcomes 
Shuch et al,?* 2008 1 7 On Reduction Sunitinib (4 cycles) Stable RN and tx without 
bypass; no 
complications 
Di Silverio et al,?” 1 Il 7 0 (renal vein) Reduction Sorafenib (6 mo) NA Open RN and tx; no 
2008 complications 
Karakiewicz et al,”8 1 V/Z Il Reduction Sunitinib (2 cycles) Decreased size (27%, RN and IVC tx; noted 
2008 11-8 cm) increased bleeding 
tendency and 
wound-healing 
complications 
Harshman et al,*® 1 17 0 Reduction Sunitinib (4 cycles) Marked reduction Laparoscopic RN and 
2009 tx; no 
complications 
Robert et al,*” 2009 1 m/m No change in level; Sunitinib (5 cycles) 35% reduction RN and IVC tx; no 
partial reduction in complications 
thickness 
Kroeger et al,“?2010 1 V/ I Reduction Sunitinib (2 cycles) 2% reduction RN and IVC tx 
(12-11.8 cm) (avoided thoracic 
procedure/bypass); 


no complications 
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Bex et al,°° 2010 2 / 1V 
None / Il 


Kondo et al,°' 2010 1 W/o 


complications 


cycles 


Cost et al,?? 2011 25 Stable (n = 21) 
IZ Ul (n = 1) 
IV 7 I (n = 1) 
IZ (n= 1) 
7 O(n = 1) 

Horn et al,°* 2012 5 I / Ul (n = 2) 
IV/_ Il (n = 2) 
IV/ IV (n= 1) 


Increase Sunitinib (2 cycles) Reduction of primary Resection of primary 
Increase tumor size tumor and 
No change in primary thrombus feasible 
tumor size before but not 
after therapy 
because of 
thrombus 
extension; patient 
died because of 
thrombus-related 
liver failure (case 1) 
RN and IVC tx 
performed; no 
complications (case 
2) 
23% reduction RN and IVC tx; no 


Reduction Sorafenib (2 cycles) 


No change Sunitinib, n = 12 Stable (n = 3) RN and IVC tx (n = 9, 
Increase Bevacizumab, n = 9 Increased size 36%) 

Reduction Temsirolimus, n = 3 (n = 10) 

Reduction Sorafenib, n = 1 Decreased size 

Reduction Median duration: 2 (n = 12) 


Reduction Sunitinib Tumor regression Surgery was 
Reduction e 2 cycles (n = 4) (n = 4) facilitated because 
No change e 3 cycles (n = 1) e 20% of thrombus 

e 18% diameter 

e 10% reduction (3 

e Unknown patients). No 


perioperative or 
wound-healing 
complications 
were found 


Tumor stable (n = 1) 


(continued on next page) 
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Table 3 
(continued) 


Tumor Thrombus Targeted Agents and 
Level Before and Effect on Tumor Duration of Tumor Size 
References After Diagnosis Thrombus Level Treatment Reduction Overall Outcomes 


Sano et al,>? 2013 mZ 1 Reduction Temsirolimus (20 wk) 20% reduction Open RN and IVC tx; 
no complications 

Sassa et al,°* 2014 1 IV/ Ill Reduction Axitinib (4 wk) 11% reduction Open RN and IVC tx; 
(5.7-5.1 cm) no complications 
Peters et al,°° 2014 1 IV / Ill Reduction Sunitinib (4 cycles) 25% (10-7.5 cm) Cytoreductive open 


RN and IVC tx; no 
complications 
Bigot et al,*° 2014 14 Stable (n = 12) No change Sunitinib, n = 11 Stable (n = 5, 36%) RN and IVC tx 
IZ I (n = 1) Reduction Sorafenib, n = 3 Decreased (n = 7, 
Il7 IV (n= 1) Increase Median duration: 2 50%) 
cycles Increased (n = 2, 
14%) 
Zhang et al,*' 2015 5of18 Il/ O(n=1) Reduction Sorafenib (3 mo) NA RN and IVC tx (n = 5) 
IIZ I(n = 1) Reduction 
Il 7 I (n = 2) Reduction 
IV/ IV (n= 1) No change 


Abbreviations: IVC, inferior vena cava; NA, not available; RN, radical nephrectomy; tx, thrombectomy. 
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lymphadenopathy, adjacent organ or vascular in- 
vasion, high surgical risk caused by proximity to vi- 
tal vessels, and high metastatic burden. The 
patients continued treatment until the tumor was 
considered surgically resectable or until disease 
progression was observed (median, 2 cycles). A 
total of 4 patients (21%) whose disease responded 
well enough to the treatments underwent 
nephrectomy. 

In the study by Bex and colleagues,** 10 pa- 
tients with clear cell RCC underwent preoperative 
treatment with sunitinib for 4 weeks on and 
2 weeks off. Only a median tumor reduction size 
of 14% was observed. Only 3 patients (30%) had 
tumors that were deemed resectable after treat- 
ment and underwent nephrectomy. The investiga- 
tors observed greater downsizing in the 
metastases with reductions of 56%, 45%, and 
100%. Tumor size reduction may not fully reflect 
the extent of antitumor activity, because there 
were significant areas of tumor necrosis on post- 
treatment imaging. In the study by Rini and col- 
leagues,“ a total of 28 patients were treated with 
sunitinib before nephrectomy. Tumors were 
deemed unresectable if there was bulky lymph- 
adenopathy that included encasement of renal 
vessels or great vessels, venous thrombus, and 
proximity to vital structures. Of the 28 patients, 
16 patients (67%) were initially considered for sur- 
gery. One surgery was aborted because of liver in- 
vasion and 2 others refused surgery. The 
remaining 13 of 28 patients (45%) met the primary 
end point of surgical resectability. Four of the pa- 
tients underwent RN and 9 underwent PN. The 
median primary tumor diameter decreased by 
27% in patients who underwent surgery and 
11% in patients who did not undergo surgery. 
Three of the patients had metastatic disease at 
the time of surgery. Two of these patients 
continued treatment with sunitinib after surgery, 
with 1 undergoing lung metastasectomy after 10 
cycles of sunitinib. One patient with nonmetastatic 
disease had a recurrent tumor thrombus 8 months 
after surgery and underwent thrombectomy. In 
each study, the investigators concluded that pa- 
tients with locally advanced primary tumors initially 
deemed unresectable can benefit from sunitinib 
treatment to deem their tumors resectable, with 
response rates between 21% and 45% (see 
Table 1). 


Summary 


Based on the evidence in the current literature, 
neoadjuvant targeted therapy followed by extirpa- 
tive surgery seems to be a promising approach for 
carefully selected patients with locally advanced 
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RCC. TMT frequently results in some primary tu- 
mor shrinkage and may reduce tumor complexity, 
which may facilitate a nephron-sparing approach 
or downstage unresectable tumors. The results 
of TMT for patients with IVC thrombus are less 
encouraging. Although clinical trials continue to re- 
cruit patients to participate, TMT is still considered 
investigational and should be used clinically only in 
carefully selected patients after a thorough discus- 
sion of the risks and benefits of this approach. 
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KEY POINTS 


e Renal mass ablation may be indicated in certain clinical scenarios for patients with small renal 
masses who are not candidates for standard extirpative therapy. 
e Based on available data, the oncologic efficacy of renal mass ablation may be suboptimal when 


compared with surgical excision. 


e There are no universal definitions of treatment success or tumor recurrence following renal mass 
ablation, but most advocate for tumor biopsy for pathologic confirmation. 
e Management options for the renal mass refractory to ablative therapy include active surveillance, 


repeat ablation, and surgery. 


e Best oncologic results for failed ablative therapy are achieved with surgical salvage, although pa- 
tients should be counseled that the surgery may be difficult. 


INTRODUCTION 


For small renal masses less than 4 cm (cT1a), sur- 
gical extirpation that uses a nephron-sparing 
approach is the guideline-recommended therapy 
from both the American Urologic Association’ 
and the European Association of Urology.” 
Recently, the indications for nephron-sparing sur- 
gery (NSS) for renal cancer have expanded to 
cT1b (4-7 cm) and even T2 (>7 cm) masses.°® 
However, partial nephrectomy (PN) is associated 
with a heavy burden of risks, particularly for 
anatomically complex masses.* In such in- 
stances, focal ablative techniques offer patients, 
whose age or comorbidities pose an unaccept- 
able risk for PN, a minimally invasive and 
nephron-sparing alternative to radical nephrec- 
tomy.° Other potential candidates for focal renal 
ablation are patients with small renal masses in 


the setting of hereditary kidney cancer syndromes 
who are predisposed to metachronous renal tu- 
mors, such as Birt-Hogg-Dube or von Hippel- 
Lindau. In addition, those patients with solitary 
renal units, those with chronic kidney disease, 
and those with bilateral renal tumors may be 
offered ablative therapy. 

The focus of this article is to summarize the 
available literature describing the oncologic effi- 
cacy of thermal renal mass ablation when 
compared with standard PN, particularly for radio- 
frequency ablation (RFA), microwave ablation 
(MWA), and cryotherapy (CT). Subsequently, a dis- 
cussion of treatment success and tumor recur- 
rence following thermal ablation, both in terms of 
their definitions and incidence, is undertaken with 
special attention paid to the limited guidance avail- 
able describing management options for renal 
masses refractory to focal therapy. 
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ONCOLOGIC EFFICACY: A COMPARISON OF 
FOCAL THERAPY WITH PARTIAL 
NEPHRECTOMY 


There is no level-1 evidence in the literature exam- 
ining any focal ablation modality against PN in 
head-to-head randomized analysis. Therefore, 
interpretation of the available retrospective 
comparative studies must be approached with a 
degree of skepticism and caution. As Kutikov 
and colleagues’ have pointed out, common pitfalls 
in the literature undermining the credibility of focal 
therapy as oncologically noninferior to extirpation 
include significant patient and tumor selection 
bias, a lack of matched cohort analyses, small 
sample sizes, and short-term follow-up. Because 
the scope of this summary is confined to compar- 
ative studies between focal therapy and NSS, 
single-armed investigational trials of ablative tech- 
niques have been omitted. However, Wagstaff and 
colleagues° assembled a comprehensive listing of 
all the known oncologic outcomes from focal abla- 
tion of renal masses as of 2014. 


Partial Nephrectomy Versus Radiofrequency 
Ablation 


In 2007, Stern and colleagues® published the first 
short-term comparative analysis of 77 patients 
with cT1a renal masses, 40 of who underwent 
RFA, whereas 37 underwent open or laparoscopic 
PN. At a median 3 years of follow-up, there was 
similar disease-free survival between the two 
groups (93.4% vs 95.8%, respectively, P = .67), 
with 2 patients in each cohort experiencing dis- 
ease recurrence and no cause-specific mortality 
reported. In considering only patients with 
confirmed malignancy, the disease-free survival 
was more disparate for the RFA group (91.4% vs 
95.2%); however, the difference failed to reach 
statistical significance (P = .58). 

Five years later, Olweny and colleagues? 
published a similar cohort study, again in patients 
with cT1a renal masses undergoing RFA or PN, 
however, with at least 5 years’ follow-up (n = 72, 
37 in each arm). Overall survival (97.2% vs 100%), 
cancer-specific survival (97.2% vs 100%), and 
recurrence-free survival (91.7% vs 94.6%) all 
favored PN but by statistically insignificant 
margins. 

RFA has also been compared against PN for 
larger (cT1b) masses.'° Between 2006 and 2010, 
56 patients underwent either focal RFA or NSS in 
China. Once again, RFA was noninferior to PN in 
terms of overall survival, cancer-specific survival, 
and disease-free survival; however, there was a 
trend toward significant for an overall survival 
advantage favoring PN (85.5% vs 96.6%, P = .14). 


Data from the Mayo Clinic represent the 
dissenting contribution of outcomes on the subject 
of RFA (n = 180) versus PN (n = 1057). Reporting 
on 1803 patients with cT1a tumors over an 11-year 
period, Thompson and colleagues'' revealed 
different overall survival results compared with 
their contemporaries (RFA: 82% vs PN: 95% in pa- 
tients with cT1a disease at 3 years, P<.001). 
Although local recurrence-free survival rates 
were the same between RFA and PN (98% vs 
98%), distant metastasis-free survival rates were 
significantly worse for the RFA cohort (93% vs 
99%, P = .005). Although the investigators 
concluded that /oca/ recurrence-free survival was 
indeed similar for treatment of cT1a renal masses 
with RFA or PN, clearly this statement deserves 
further validation; any meaningful application of 
these findings in clinical practice is limited. 


Partial Nephrectomy Versus Cryotherapy 


Cohorts with renal masses less than 4 cm were 
also offered CT (n = 187) at the Mayo Clinic and 
once again compared with patients undergoing 
PN and RFA.''''? This subset of patients outper- 
formed those who underwent RFA in metastasis- 
free survival (CT: 100% vs RFA: 93%) and overall 
survival (CT: 88% vs RFA: 82%). CT patients had 
the same 3-year local recurrence-free survival as 
those who underwent PN (98% for both cohorts). 

Thompson and colleagues'' also described 48 
patients with cT1b renal masses treated with CT 
and compared them with 326 similar patients 
that underwent PN. At 3 years’ follow-up, local 
recurrence-free survival (CT: 97% vs PN: 96%) 
and metastasis-free survival (CT: 92% vs PN: 
96%) were similar between the two groups. How- 
ever, it should be noted that significantly fewer pa- 
tients in the CT arm had pathologically proven 
malignancy than in the PN group (CT: 68% vs PN 
84%, P = .004). Significantly more patients in the 
CT arm were likely to die of any cause within 
3 years after intervention than in the PN arm (over- 
all survival CT: 74% vs PN: 93%), which likely re- 
flects the older age (P <.001) and higher 
Charlson Comorbidity Index (P <.001) of patients 
selected to undergo CT at the Mayo Clinic. 

Lastly, 2 studies have been performed 
comparing laparoscopic versus percutaneous CT 
techniques. '*:'* Both conclude that either modal- 
ity for CT offers similar oncologic control on par 
with recurrence-free/cancer-specific/overall sur- 
vival rates reported by predecessors; however, 
Goyal and colleagues'® also concluded that a po- 
tential advantage to percutaneous CT exists 
regarding duration of hospital stay (percutaneous: 
0.7 days vs laparoscopic: 3.2 days, P<.0001). 


Partial Nephrectomy Versus Microwave 
Ablation 


A single study exists describing the comparative 
oncologic outcomes of MWA with PN.'° A total 
of 102 patients with small renal masses in China 
were randomized to PN (open or laparoscopic) or 
MWA (open or laparoscopic). Local recurrence- 
free survival in the MWA group at 3 years was 
91% compared with 96% for PN (P = .54). When 
only pathologically confirmed renal cancers were 
considered, local recurrence-free survival for 
MWA was 90%, whereas PN was still 96% 
(P = .46). MWA was reported to have additional 
significant advantages over PN, including shorter 
hospital duration, fewer complications, and less 
renal functional decline postoperatively. 

Another Chinese study retrospectively reviewed 
65 patients who underwent percutaneous MWA 
and 98 that elected open radical nephrectomy 
for cT1a renal masses.'© Surprisingly, the mean 
age of patients in this study that received nephrec- 
tomy was 51 years making the results of this com- 
parison hardly generalizable to most clinical 
practices in the United States, where open ne- 
phrectomy would rarely be offered to such a pa- 
tient. In the United States, only one study has 
described an initial experience with MWA with 
less than 1 year of oncologic follow-up results 
and no comparison with PN cohorts. '’ 


DEFINING TREATMENT SUCCESS AND TUMOR 
RECURRENCE AFTER FOCAL ABLATIVE 
THERAPY 

Historical Perspectives 


Inconsistencies in the definitions of treatment suc- 
cess and tumor recurrence have been pervasive 
since the early published literature on thermal abla- 
tion whereby therapy was often initiated without 
prebiopsy and postbiopsy data. For example, ina 
meta-analysis of 47 studies that represented the 
global literature on the subject in 2008, 18% and 
43% of CT and RFA patients, respectively, under- 
went thermal ablation without any histologic confir- 
mation of malignancy.'® Therefore, conclusions 
regarding the oncologic efficacy of these modal- 
ities are contaminated by the inclusion of patients 
who likely harbored no malignant disease at all. 
The problem has since been alleviated somewhat 
in the US literature by inclusion of pre-treatment pa- 
thology into the standard-of-care algorithm by the 
American Urologic Association.'? Nevertheless, 
there remains no universal agreement or criteria 
for defining treatment success after focal ablative 
therapy. Additionally, inherent shortcomings in 
the resolution of current imaging modalities used 
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in post-therapy surveillance are responsible for 
the difficult clinical challenge of determining what 
potentially invasive measures should be under- 
taken to confirm the presence of persistent or 
recurrent disease. 


The Natural History of the Ablated Renal Mass 
on Imaging 


Knowledge of the natural history of imaging char- 
acteristics of ablated renal masses can reduce 
the overdiagnosis of tumor recurrences and the 
need for salvage therapy. Post-RFA computed to- 
mography and MRI changes have been described. 
With respect to anticipated changes in size, renal 
masses should decrease in volume following 
RFA'?; however, Davenport and colleagues?’ re- 
ported a paradoxic interval increase in size when 
consolidation imaging was performed at 1 month 
after treatment in 28 masses originally less than 
3 cm*. All of these masses underwent postablation 
confirmatory biopsy ruling out persistence of ma- 
lignancy.2° Matsumoto and colleagues’?! series 
describing postablative results from 64 RFA- 
treated masses did not confirm this transient 
growth, but this likely reflects the latter study’s 
design whereby initial follow-up imaging was per- 
formed at 3 months?’ instead of 4 weeks. 

Enhancement should also decrease following 
RFA; however, both Davenport and colleagues”° 
and Matsumoto and colleagues,”' previously cited 
in this section, acknowledge the common finding 
of a persistently enhancing border of tissue around 
the ablation bed on computed tomography. This 
halo sign is attributed to scar tissue forming 
around a rim of infiltrating lipid tissue adjacent to 
the treated area and can be present on surveil- 
lance imaging in more than 70% of masses treated 
with RFA anywhere from 1 month to 3 years after 
therapy.** Underscoring the difficulty in relying 
on enhancement to define treatment success or 
failure after RFA, Weight and colleagues** re- 
ported a false-negative rate of 24% in patients 
with no enhancement after treatment but positive 
postablation biopsies. 

Likewise, cryoablated masses may not follow a 
predictable pattern of regression on imaging. 
Similar to RFA, peripheral enhancement of the 
mass on computed tomography or MRI after CT 
can be expected. However, masses that were 
generally considered to have failed cold treatment 
in the literature included those with persistent cen- 
tral enhancement or any enhancement after an in- 
terval whereby no enhancement was detected. 
Urologists following masses after cryoablation 
should anticipate shrinkage of the neoplasm in all 
cases, '° 
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MANAGEMENT OF THE REFRACTORY RENAL 
MASS AFTER FOCAL ABLATION 


The management of recurrent or incompletely ab- 
lated tumors following thermal ablation therapy re- 
mains a diagnostic and therapeutic challenge for 
urologists. There are no accepted guidelines for 
postablation imaging surveillance strategies, and 
most are extrapolated from follow-up regimens af- 
ter surgical excision of a localized renal mass. 
Most centers advise an early 1-month postablation 
scan as a baseline for comparison with future im- 
aging and to assess for residual lesion enhance- 
ment, followed by scans at 3, 6, and 12 months 
after ablation (Figs. 1-3). Omitting either the 3- or 
6-month scan is optional depending on specific 
patient circumstances. If residual enhancement 
is identified raising concern for unablated residual 
tumor, this is often confirmed by tissue biopsy, 
although this is not standardized among centers. 

For patients with concern for residual or recur- 
rent disease either by lesion enhancement on im- 
aging surveillance or postablation biopsy 
showing persistent cancer, options for manage- 
ment are similar to de novo kidney cancer cases, 
that is, active surveillance, repeat ablation either 
via RFA or CT, or surgical excision. Surgical exci- 
sion in these cases is often hampered by extensive 
perinephric scarring with difficult surgical dissec- 
tion and kidney mobilization. As nephron-sparing 
approaches are now accepted as the standard of 


Fig. 1. Noncontrast computed tomography scan 
showing a large tumor in a solitary left kidney of a pa- 
tient with stage IV chronic kidney disease 7 years 
following RFA of a 3-cm renal cell carcinoma (RCC) 
(white arrow). Percutaneous biopsy confirmed recur- 
rent clear cell RCC. Open PN showed a 13-cm Fuhrman 
grade 2 clear cell RCC with negative margins. The pa- 
tient avoided postoperative dialysis. 


Fig. 2. Computed tomography scan showing an 
enhancing left renal tumor 6 years following failed 
cryoablation (white arrow). Enhancing elements can 
also be seen along the prior percutaneous cryoabla- 
tion tract. Open PN showedFuhrmangrade 2 clear 
cell renal cell carcinoma. 


care for small renal masses, this approach is also 
attempted in most cases of ablation failures 
when the mass size and location seem amenable 
to PN, but the reality remains that this operation 
is exceedingly more difficult in the postablation 
setting. 

Not to be overlooked is the important role of the 
urologist in counseling patients with localized renal 
masses considering primary thermal ablation, 
including a detailed discussion regarding the 


Fig. 3. Computed tomography scan showing a recur- 
rent left upper pole tumor following 2 attempts at 
percutaneous cryoablation (white arrow). Open 
radical nephrectomy showed pT3a renal cell carci- 
noma. The operation was complicated by an intrao- 
perative diaphragm injury that was repaired primarily. 


outcomes relative to surgical excision and the op- 
tions for salvage treatment should their disease 
recur. 


Active Surveillance 


There are no current evidence-based criteria for 
defining radiological treatment success following 
ablative therapy for small renal masses. Cases of 
incomplete therapy can often be detected by 
abnormal enhancement on postoperative imaging 
studies, and confirmed by tissue biopsy. Although 
there are no accepted guidelines for defining treat- 
ment success, most agree that the lack of 
enhancing elements in the treatment zone repre- 
sents the best indication of the absence of viable 
tumor. However, as addressed earlier in the 
article, early postablation scans may show areas 
of enhancement around the treatment site as 
well as tumor growth, even in the absence of viable 
tumor elements.”* In a prior study by Hegarty and 
colleagues*° of 164 laparoscopic cryoablations, 
as many as 20% of patients showed peripheral 
rim enhancement of the treatment zone at 
3 months postoperatively; but this number 
decreased to 5% by 1 year, and ultimately only 
1.8% of patients were determined to be suspi- 
cious for residual tumor. This early pseudoen- 
hancement following cryoablation has been 
confirmed in other studies as well. In a report of 
30 laparoscopic cryoablations of organ-confined 
renal tumors measuring 3.5 cm or less, Stein and 
colleagues?’ reported a 16% rate of enhancement 
3 months following the CT procedure, with only 
one patient having enhancement at 9 months, 
and a biopsy showing no residual cancer. The 
pathophysiology behind this early pseudoen- 
hancement following CT is poorly understood, 
but thought to be due to resolving hemorrhage in 
the zone of sublethal destruction at the periphery 
of the cryolesion. Further possible explanations 
include inflammation and volume averaging dis- 
crepancies in imaging.** Small renal masses 
managed with RFA can also show early pseudoen- 
hancement but to a lesser extent than with CT.?° 

Given that early enhancement following renal 
ablative therapies may not necessarily indicate re- 
sidual viable tumor, it may be reasonable to 
observe patients with enhancing elements in the 
treatment zone following ablation. Untreated 
small renal masses have slow growth rates of 2 
to 3 mm per year, and progression to metastatic 
disease is highly unusual in this patient cohort. 
Given the extremely rare instance of progression 
to incurable disease during a course of active sur- 
veillance for a small renal mass, as well as the 
early pseudoenhancement following ablation that 
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often resolves and the procedural morbidity of 
salvage therapies, a short course of surveillance 
for these patients may be warranted. The optimal 
length and intervals of surveillance are not well 
documented; however, the evidence seems to 
support an interval of no longer than 1 year of 
observation. Persistent enhancement in the area 
of prior ablation after 1 year would be unlikely to 
resolve and should be assumed to represent re- 
sidual tumor. In these cases, salvage therapies 
should be discussed. 


Repeat Ablation 


For patients with concern for persistent and/or 
recurrent viable tumor following thermal ablation 
therapy, repeat ablations are the most common 
treatment modality. Approximately 70% to 75% 
of patients with local tumor recurrence undergo 
repeat ablative therapy.°* 

Repeat ablation treatments seem to be more 
common following RFA than CT. Up to 8% of all 
RFA lesions ultimately undergo repeat ablation, 
compared with approximately 2% of CT lesions. 1° 
The reason for this discrepancy is unclear but 
could be due to approach of the original treatment 
modality. Most RFA treatments are done percuta- 
neously, whereas CT can be done either via a 
percutaneous or laparoscopic approach. There- 
fore, repeat percutaneous procedures carry a 
lower morbidity profile compared with repeat lapa- 
roscopic surgery; thus, providers may be more 
willing to reablate tumors originally treated via a 
percutaneous approach. 

Another possibility would be that the original 
laparoscopic approach for a CT treatment involves 
full kidney mobilization and more precise place- 
ment of the ablative probes, thus, allowing for 
more accurate targeting of the renal mass and a 
lower rate of recurrence. Long and Park'? reported 
a literature review analyzing 337 renal masses 
treated with cryoablation compared with 283 
treated with RFA. They found a reablation rate of 
7.4% in the RFA series and a reablation rate of 
0.9% with CT. Further subanalysis showed no rea- 
blations with laparoscopic cryoablation, 
compared with 2.5% with percutaneous CT, 
lending more credence to the hypothesis of more 
accurate probe placement with the laparoscopic 
approach. '* 

Although oncologic outcomes are encouraging 
following salvage ablative therapy, there are 
limited data in the literature regarding this modal- 
ity. Matin and colleagues?” reported an overall 
incidence of residual and recurrent disease after 
salvage energy ablative therapy of 4.2% with a 
mean follow-up of 2 years. 
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As stated earlier, most patients who develop 
recurrence following initial thermal ablative ther- 
apy for localized renal tumors undergo repeat 
ablation treatment. However, a certain percentage 
of patients may be poor candidates for repeat 
ablation procedures. These patients include pa- 
tients who exhibit significant disease progression 
since their initial treatment, those who have failed 
repeat ablative treatments, and those unwilling to 
undergo a second round of treatment that has 
proven initially ineffective. These patients are 
appropriate candidates for salvage surgery. 
Although nephron-sparing approaches have 
been accepted as the standard of care for local- 
ized small renal masses, NSS following ablative 
therapy is challenging given the local tissue reac- 
tion with increased complication rates. Given the 
rarity of this clinical scenario, the available data 
on salvage surgery are limited to single- 
institution series. 

Nguyen and colleagues*® reported on their 
experience with surgical salvage following thermal 
ablative therapy. They described management of 
16 postcryoablation recurrences and 26 recur- 
rences following RFA. Of the 16 tumor recurrences 
following CT, 6 were deemed appropriate candi- 
dates for salvage surgery. Of the 6 cases, 3 under- 
went successful laparoscopic radical 
nephrectomy and 3 underwent attempted open 
PN. Of the nephron-sparing attempts, one was 
completed successfully, one converted intraoper- 
atively to radical nephrectomy, and one aborted 
because of the inability to complete the planned 
operation along with patient wishes to avoid an 
anephric state and dialysis. There was one major 
intraoperative complication of a renal arterial 
injury, 5 minor intraoperative complications 
including one diaphragm injury, and one pleuro- 
tomy requiring a chest tube. There was one post- 
operative urine leak managed conservatively. 
These results underscore the difficulty with 
nephron-sparing attempts and the hostile surgical 
environment following CT. 

Conversely, of the RFA recurrences, 4 were 
deemed appropriate for attempts at surgical 
salvage, all of which were completed as planned. 
One of these patients underwent a nephron- 
sparing operation. In a review of the operative 
reports, the investigators noted a much less signif- 
icant local tissue reaction; there were no reported 
intraoperative or postoperative complications. 

The results of Nguyen and colleagues*° seem to 
suggest that the modality of initial ablation, 
whether RFA or CT, significantly affects the local 
tissue reaction around the kidney and would be 


an important consideration in determining the sur- 
gical salvage approach. Indeed, Kowalczyk and 
colleagues*® reported on 16 PNs performed 
following either recurrence after previous RFA pro- 
cedures or new lesions in a previously ablated kid- 
ney. Although the investigators did comment on a 
noticeable fibrotic tissue reaction around the kid- 
ney in most cases and their series had a higher 
reoperation rate than other NSS series, open PN 
was completed successfully in all cases with no 
conversions to radical nephrectomy. 

More recently, Karam and colleagues” reported 
on their experience of 14 patients who underwent 
PN or radical nephrectomy for local recurrence 
following thermal ablation for renal cell carcinoma 
(RCC). Of 14 patients, 10 had previously under- 
gone percutaneous RFA, whereas 3 had percuta- 
neous cryoablation and one had laparoscopic 
cryoablation. Of their series, 10 patients under- 
went planned open PN and one underwent robotic 
PN, all completed successfully. Three patients un- 
derwent planned radical nephrectomy, 2 open and 
one laparoscopic with concurrent inferior vena 
cava tumor thrombectomy. When stratified by 
initial treatment modality, all 4 patients who were 
originally treated with CT had open PN as a 
salvage operation. The investigators noted an 
intense desmoplastic and fibrotic reaction around 
the kidney in 7 of 10 patients with previous RFA 
and in all 4 patients originally treated with CT. Thir- 
teen patients had pathologically confirmed RCC 
on surgical pathology. There were 4 Clavien grade 
IIl Complications, and blood transfusions were 
more common in the post-CT group compared 
with the post-RFA group (3 of 4 vs 2 of 10, respec- 
tively). Renal functional outcomes were preserved 
in all patients. 

In the most recent series to date, Jimenez and 
colleagues?! reported their cohort of 27 patients 
treated surgically following either previous failed 
cryoablation (18) or RFA (9). Median interval be- 
tween thermal ablation and surgical salvage was 
13 months. Indications for surgical intervention 
were in line with those discussed previously and 
included repeat thermal ablation failure (26%), tu- 
mors not amenable to repeat thermal ablation at- 
tempts (67%), and new ipsilateral tumor 
formation deemed not amenable to thermal abla- 
tion (7%). Nephron-sparing approaches were 
deemed appropriate in 15 cases, 14 of which 
were completed successfully in an open fashion 
and one converted from minimally invasive to 
open because of extensive perinephric scarring. 
Radical nephrectomy was planned in 12 patients, 
of whom 8 were treated laparoscopically, with 
one requiring conversion to an open procedure. 
Pathologic analysis of the resected renal tumors 


confirmed recurrent cancer in all cases with nega- 
tive surgical margins. 

In summary, salvage surgery following primary 
thermal ablation of localized renal masses seems 
safe and feasible with good intermediate-term out- 
comes. In most instances, nephron-sparing ap- 
proaches can be considered, particularly in 
obligate circumstances with minimal effect on 
postoperative renal function. Most postthermal 
ablation PNs reported in the literature are done 
via an open approach, particularly those done 
following primary cryoablation, whereas radical 
nephrectomy has been reported in both open 
and minimally invasive fashion with similar results 
and complication rates. The local tissue reaction 
and scarring around the kidney seems to be 
more severe following CT compared with RFA; 
thus, most salvage surgery following CT has 
been reported as an open approach. Patients 
who have undergone previous RFA can potentially 
be considered for minimally invasive approaches. 
Regardless, the difficulty of surgical salvage 
should be recognized as a potential limitation of 
initial ablative therapies, and patients should be 
counseled accordingly that any attempts at sur- 
gery following ablation will be fraught with difficulty 
for patients and surgeons alike. 
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KEY POINTS 


Evidence supporting the practice of postoperative RCC surveillance is lacking. 


e Established RCC surveillance guidelines by the NCCN, AUA, EAU, and CUA are heterogeneous 


leading to variation in surveillance care. 


over whether protocols merit optimization. 


tion of follow-up. 


Recent studies have questioned the effectiveness of established guidelines and ignited a debate 


Guidelines show limitations in RCC risk assessment, protocol stratification, and definition of dura- 


e Because surveillance remains integral to RCC care, efforts should be made to optimize and stan- 
dardize guidelines and learn of more tangible benefits to surveillance. 


INTRODUCTION 


Postoperative surveillance is an integral part of 
renal cell carcinoma (RCC) care. It was established 
on the belief that detection of asymptomatic dis- 
ease recurrence offers the optimal opportunity 
for beneficial intervention. Over the years, multiple 
strategies for follow-up have been developed, with 
the most recognized being from large organiza- 
tions, such as the National Comprehensive Cancer 
Network (NCCN),' American Urologic Association 
(AUA),? European Association of Urology (EAU),° 
and the Canadian Urologic Association (CUA).* 
These protocols offer disparate recommendations 
because no superior strategy has been defined. 
Despite the lack of strong evidence, it has not 
been until recently that the practice of RCC surveil- 
lance has come under scrutiny. 

In 2014, the effectiveness of the NCCN and AUA 
RCC surveillance guidelines was called into 
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question. Specifically, these guidelines were 
discovered to miss approximately one-third of all 
recurrences when strictly followed.° For the first 
time, this research highlighted that established 
protocols may have limitations and merit refine- 
ment. Parallel to this discussion has been the 
increasing pressure put forth by our health care 
system to reduce cancer costs, regulate pro- 
cesses of care, and minimize variation in care.° 
With cancer costs estimated to reach $170 billion 
by 2020’ and the lack of level 1 evidence support- 
ing follow-up care,® the practice of surveillance 
has become a target for optimization and stan- 
dardization. Taken together, these issues have 
sparked much debate regarding what defines the 
appropriate follow-up of RCC after definitive 
therapy. 

This article focuses on the recommendations of 
established RCC surveillance guidelines by the 
NCCN, AUA, EAU, and CUA and appraises their 
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reported limitations. Next, some of the alternate 
strategies proposed by independent investiga- 
tions are examined. Finally, the challenges with 
evaluating surveillance outcomes are reviewed 
and what future directions may help define more 
tangible benefits and resolve guideline limitations 
are assessed. 


ESTABLISHED RENAL CELL CARCINOMA 
SURVEILLANCE GUIDELINES 
Comparison of Guideline Recommendations 


Table 1 outlines the postoperative RCC surveil- 
lance recommendations from the NCCN, AUA, 
EAU, and CUA. Each of these organizations de- 
rives their follow-up strategies by reviewing the 
best evidence to date on recurrence patterns 
and prognostic indicators and finalizes recom- 
mendations via panel discussions. All four guide- 
lines use a risk-stratified approach with a graded 
intensity of follow-up. The NCCN and AUA share 
the most resemblance by stratifying according to 
pathologic stage and treatment technique. Last 
updated in 2008, the stage stratification by the 
CUA reflects an older version of the American Joint 
Committee on Cancer kidney TNM staging sys- 
tem. The CUA also does not outline ablative ther- 
apy follow-up, making it unclear if surveillance 
should vary when using this treatment. The EAU 
uses risk groups and treatment techniques to 
designate their follow-up schedule. They recom- 
mend applying prognostic scoring systems and 
nomograms,°"'* and specifically highlight the Uni- 
versity of California-Los Angeles Integrated Stag- 
ing System,'® to determine a patient’s level of 
risk before following their surveillance schedule. 

Despite using a risk-stratified approach, proto- 
cols vary in frequency and type of recommended 
testing. For example, with chest imaging, the 
CUA recommends the use of chest radiograph 
(CXR) for all risk groups, whereas the EAU specif- 
ically notes that CXR is inferior and thus recom- 
mends chest computed tomography for all 
patients. On this issue, the NCCN and AUA fall in 
between these extremes (see Table 1). 

Duration of surveillance is another area where 
these four protocols diverge. The CUA is the 
most inclusive recommending continued surveil- 
lance for all patients and only stopping abdominal 
computed tomography imaging in pT1 patients at 
60 months and in pT2 patients at 108 months. 
The EAU recommends continued surveillance for 
intermediate- and high-risk patients and when us- 
ing ablative therapies, whereas low-risk patients 
are viewed to be safe for discharge after 5 years. 
The NCCN and AUA provide specific surveillance 
recommendations up to 5 years for postablation 


and greater than or equal to pT2 patients and up 
to 3 years for pT1 patients. Continued surveillance 
beyond these time frames is then left up to the 
discretion of the provider. 


Resultant Variation in Surveillance Care 


Without level 1 evidence, there is no validation for 
a preferred type, frequency, or duration of surveil- 
lance testing. As a result, guidelines are heteroge- 
neous. The lack of standardization in 
recommendations perpetuates less compliance 
and more independent decision-making by pro- 
viders. Indeed, when evaluating the use of RCC 
surveillance imaging in the Surveillance, Epidemi- 
ology and End Results—-Medicare (SEER) data- 
base, Kim and colleagues'* found usage to be 
particularly poor among high-stage patients 
when compared with published recommenda- 
tions. Feuerstein and colleagues'® discovered an 
imaging pattern that was misaligned with current 
surveillance recommendations. Using SEER, the 
group showed a possible overuse of abdominal 
imaging among low-risk patients and underuse 
of chest imaging in high-risk patients. This degree 
of deviation from established protocols heightens 
concern that variation in surveillance care may 
be greater than what would already be present 
from nonconformal guidelines. 


EVALUATION OF ESTABLISHED RENAL CELL 
CARCINOMA GUIDELINES 
Independent Investigations 


To date, there are only a handful of studies evalu- 
ating the recommendations of established RCC 
guidelines. Using a Monte Carlo simulation model, 
Lobo and colleagues'® evaluated the competing 
trade-offs of cancer control, cost, and radiation 
among the NCCN, AUA, EAU, and CUA protocols. 
Simulating 5-year outcomes only among partial 
nephrectomy patients, they found such trade- 
offs to be the greatest for low-risk patients, partic- 
ularly in the area of cancer control. The EAU and 
the CUA diagnosed 95% of recurrences among 
low-risk patients, whereas the NCCN and AUA 
diagnosed less than two-thirds. All protocols 
detected more than 92% of recurrences in high- 
risk patients. The CUA protocol was deemed to 
be the most balanced because it recommended 
the lowest cost and radiation options, while having 
a similarly strong ability to detect recurrences as 
other protocols. The CUA was recognized to be 
limited in imaging effectiveness, secondary to 
use of CXR and ultrasound, causing greater tumor 
size at recurrence diagnosis (~2 cm) and a delay 
in time from recurrence to diagnosis (6 months). 
Despite this model being restricted to a defined 


Table 1 


NCCN, AUA, EAU, and CUA postoperative RCC surveillance schedules 


NCCN (last updated 2016) 


Risk Grou 


Ablative techniques 


pT1Nx-0 
Partial nephrectomy 


pT1Nx-0 
Radical nephrectomy 


pT2-3Nx-0 
or 
pT1-3N1° 
pT4Nx-1¢ 


Visit Recommendations 


Physical examination/laboratory studies 
Abdominal imaging? 

Chest imaging (CXR or CT) 

Physical examination/laboratory studies 
Abdominal imaging? (CT, MRI, or US) 
Chest imaging (CXR or CT) 

Physical examination/laboratory studies 
Abdominal imaging” (CT, MRI, or US) 
Chest imaging (CXR or CT) 

Physical examination/laboratory studies 
Abdominal imaging® 

Chest imaging‘ 

Physical examination/laboratory studies 
Abdominal imaging? 

Chest imaging? 


Follow-up in Months 


= 


x X X X 


À 


XXX XX XX KK ID 


XXxXXXxX XX 


18 
X 


x 
X 
X 


xxK KK XKX KKK X 


x X 
X X X 


Adjusted per receipt of systemic therapy, clinical 
discretion, and pace of disease progression 


AUA (last updated 2013) 


EAU“ (last updated 2016) 


Ablative techniques 


pT1Nx-0 
Partial nephrectomy 


pT1Nx-0 
Radical nephrectomy 


Low risk' 
Intermediate risk™ 


High risk™ 


Abdominal imaging" (CT or MRI) 

Chest imaging (CXR) 

Physical examination/laboratory studies 
Abdominal imaging! 

Chest imaging (CXR) 

Physical examination/laboratory studies 
Abdominal imaging” (CT, MRI, or US) 
Chest imaging (CXR) 

Physical examination/laboratory studies 
Abdominal imaging! 

Chest imaging! 

Abdominal imaging 

Chest imaging (CT) 

Abdominal imaging (CT or MRI) 

Chest imaging (CT) 

Abdominal imaging (CT or MRI) 

Chest imaging (CT) 


x Xx X 


x Xx 


x X KKK X 


x Xx X Xx 


(continued on next page) 
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Table 1 
(continued) 


Follow-up in Months 
18 24 30 36 


= 
N 


Risk Group Visit Recommendations 


CUA (last updated 2008) p11 Physical examination/laboratory studies 

Abdominal imaging (CT or US) 
Chest imaging (CXR) 

pT2 Physical examination/laboratory studies 
Abdominal imaging (CT or US) 
Chest imaging (CXR) 

pT3 Physical examination/laboratory studies 
Abdominal imaging (CT) 
Chest imaging (CXR) 
Physical examination/laboratory studies 
Abdominal/pelvis imaging (CT) 
Chest imaging (CXR) 


x 


f- 


XXXXXXX X 
x KK KK KKK KK X 
x KKK KKK X 
x KK KK KK KK KK 
x KK KK KKK KK X 


Abbreviations: CT, computed tomography; CXR, chest radiograph; US, ultrasound. 

a Baseline abdominal imaging recommended at 3 to 6 months with CT or MRI with/without contrast and continued imaging may be with CT, MRI, or US. 

© Baseline abdominal imaging between 3 and 12 months. 

€ Additional testing beyond this period is left up to clinician judgment using patient risk factors. 

4 Pelvic imaging, spine MRI, and bone scan recommended to be performed as clinically indicated. 

€ Recommended baseline abdominal imaging is with CT or MRI and continued imaging may be with CT, MRI, or US. 

f Recommended baseline chest imaging is with CT and continued imaging may be with either CXR or CT. 

3 Only CT or MRI. 

i Baseline abdominal imaging recommended at 3 to 6 months. 

' Baseline abdominal imaging recommended at 3 to 12 months with CT or MRI continued imaging may be with CT, MRI, or US. 

i Baseline abdominal and chest imaging recommended at 3 to 6 months with CT or MRI continued imaging may be with CT, MRI, US, or CXR. Other site-specific imaging warranted 
by clinical symptoms. 

K Risk status determined by prognostic scoring systems and nomograms? '?; surveillance should include evaluation of renal function and cardiovascular risk. 

' Following radical or partial nephrectomy only. 

™ Following radical/partial nephrectomy or ablative techniques. 

n US of abdomen/kidneys/renal bed. 

° Abdominal CT or MRI. 

P After 5 years, CT chest/abdomen recommended to be performed once every 2 years. End duration not specified. 

a Continued yearly. 

" For partial nephrectomy, recommend abdominal CT imaging at 3 months and optional US yearly. 

* Additonal abdominal imaging recommended at 84 and 108 months. 

* Continued thereafter every 2 years. 

“ CT abdomen/pelvis recommended at 3 and 6 months. 


OLE 


MeN 


cohort and time frame, this study provides the first 
hypothetical comparison among all four protocols. 

Based on the NCCN and AUA protocols, 
Canvasser and colleagues'’ evaluated the use of 
CXR recommendations in capturing asymptom- 
atic pulmonary metastasis among pT1a patients 
treated by nephrectomy or ablative techniques. 
Over a median follow-up of 36 months, the group 
only found 3 of 258 patients (1.2%) to have devel- 
oped pulmonary metastases, of which only one 
(0.4%) was diagnosed by CXR surveillance, sug- 
gesting that CXR may be a low-yield surveillance 
study in such patients. However, evaluation of a 
rare event in a small retrospective tertiary cohort 
and short follow-up precluding detection of late re- 
currences were limiting factors to the study. 
Assessment of surveillance imaging, as done in 
study, is complicated because efficacy is tightly 
coupled to the risk strata and follow-up frequency 
of guideline recommendations. Determination of 
test appropriateness demands a balance among 
risk of radiation exposure, cost, and effectiveness 
of detecting recurrences. 

In 2014, we assessed the effectiveness of the 
NCCN and AUA guidelines to detect recurrences 
among a large retrospective RCC cohort treated 
by nephrectomy at the Mayo Clinic.° After a me- 
dian follow-up of 9 years, we discovered that the 
NCCN and AUA recommendations, when strictly 
followed, would miss approximately 32% and 
33% of all primary recurrences, respectively. 
Recurrence detection was most limited among 
pT1Nx-0 radical nephrectomy patients (NCCN, 
35%; AUA, 29%) and for abdominal relapses 
(NCCN, 59%; AUA, 59%) across all stage groups. 
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On account of late recurrences, surveillance would 
be required to extend beyond 10 years to capture 
95% of recurrences among all risk groups in most 
locations (Fig. 1). Medicare total cost analysis 
showed that extension of surveillance to capture 
95% of all recurrences was more costly than cur- 
rent recommendations (Table 2). Rising cancer 
costs and the need to improve medical resource 
allocation makes extending existing follow-up in 
all patients unreasonable. 


Limitations of Current Guideline Structure 


With the effectiveness of two of the most recog- 
nized RCC surveillance guidelines called into 
question, debate has ignited over what defines 
appropriate follow-up after definitive therapy. All 
four protocols base surveillance duration on recur- 
rence patterns estimated using the cumulative 
incidence of recurrence over time. With most re- 
currences presenting by 5 years following surgical 
resection, '*-°° all guidelines have provided a defi- 
nite follow-up strategy up until this time. Although, 
this estimate may be correct, rendering it directly 
into surveillance duration is impractical. For 
example, Kim and colleagues?’ showed that 
RCC recurrences beyond 5 years may not be un- 
common. After an initial 5-year disease-free post- 
operative interval, approximately 5% of patients 
developed a renal recurrence and 15% developed 
distant metastasis over the following decade. With 
late recurrences possibly having a more indolent 
biology with better treatment responses,?? failure 
to capture such cases could result in missed op- 
portunities for successful intervention. 
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Fig. 1. Total duration of surveillance required to capture 90%, 95%, and 100% of recurrences in patients strat- 
ified by American Urologic Association risk groups and recurrence locations. (A) Low risk (pT1Nx-0) after partial 
nephrectomy. (B) Low risk (pT1Nx-0) after radical nephrectomy. (C) Moderate/high risk (pT2-4 Nx-0/pTanyN1) in- 
dependent of surgical approach. ° Estimated duration of surveillance because of the few recurrences in these 
groups. (From Stewart SB, Thompson RH, Psutka SP, et al. Evaluation of the National Comprehensive Cancer 
Network and American Urological Association renal cell carcinoma surveillance guidelines. J Clin Oncol 


2014;32(36):4061; with permission.) 
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Table 2 


Comparison of 2014 Medicare costs associated with adhering to the NCCN and AUA oncologic 
surveillance schedules and those that would be incurred if 95% of all recurrences were captured 


Surveillance Strategy Risk Group 2014 Total Medicare Costs? 


2014 NCCN pT1Nx-0 


$2131.52 


Partial nephrectomy 


pTINx-0 


$1291.13 


Radical nephrectomy 


pT2-3Nx-0 
or 
pT1-3N1 


$3700.87 


pT4Nx-1 Unable to estimate? 


AUA pT1Nx-0 


$1738.31 


Partial nephrectomy 


pT1Nx-0 


$897.92 


Radical nephrectomy 
pT2-4Nx-0 or pTanyN1 $3700.87 


To capture 95% of all 
recurrences® 


pT1Nx-0 


partial) 
pT1Nx-0 


$9856.82 


Partial nephrectomy (LR- 


$13097.26 


Radical nephrectomy (LR- 


radical) 


pT2-4Nx-0 or pTanyN1 (M/HR) 


$11189.99 


Abbreviations: CT, computed tomography; LR, low-risk; M/HR, moderate/high-risk. 

a Estimates based on total costs in dollars incurred by a single patient who has strictly followed and completed the rec- 
ommended surveillance schedules as outlined in Table 1. Laboratory studies included costs of a complete blood count and 
a comprehensive metabolic panel. Unless a chest computed tomography (CT) scan was specified in the surveillance 
schedule, the cost of a CXR was used. Abdominal imaging only included the cost for an abdominal CT. 

> Because of the highly variable schedule that is recommended to be based on receipt of systemic therapy, clinician 
discretion, or pace of disease, cost estimates were not reliably able to be estimated. 

© Total duration of follow-up based on Fig. 1 and frequency of testing per Mayo Clinic surveillance protocol. Initial chest 
CT cost was included in the M/HR total costs, otherwise CXR costs were used. Laboratory studies and abdominal imaging 
costs were similar to that specified for the other surveillance schedules. 

Adapted from Stewart SB, Thompson RH, Psutka SP, et al. Evaluation of the National Comprehensive Cancer Network 
and American Urological Association renal cell carcinoma surveillance guidelines. J Clin Oncol 2014;32(36):4064; with 


permission. 


Current definitions of follow-up duration also as- 
sume a patient’s RCC risk profile remains static 
following treatment. Based on a new concept 
termed conditional survival, this assumption is no 
longer accurate and likely attributing to guideline 
underperformance. This concept, where the dura- 
tion of survivorship influences the probability of 
future survival, has been shown to occur in many 
malignancies**:** including RCC. Originally 
described in 2007 by Thompson and colleagues," 
the phenomenon of how RCC-specific survival im- 
proves as disease-free interval from nephrectomy 
increases has now been documented across 
many RCC cohorts?®?” and found to even apply 
to advanced-disease patients.’ Guideline adap- 
tion of conditional survival or a similar technique 
would improve estimation of postoperative RCC 
risk and may allow recommendations to reflect a 
reduction in surveillance intensity on longer 
survivorship. 


The use of a basic risk stratification scheme is 
another limiting factor of established RCC guide- 
lines. Currently, the four protocols only stratify rec- 
ommendations using RCC-related variables, 
namely pathologic stage. Although, the EAU 
comes closest by recommending prognostic no- 
mograms, none of the guidelines use a competing 
risk model that incorporates noncancer variables 
to improve contextualization of a patient’s risk sta- 
tus. Using SEER, Kutikov and colleagues? found 
that age and comorbidity status strongly predicted 
non-kidney cancer death and that integrating 
these non-cancer variables into RCC prediction 
models improves quantification of a patient’s 
competing risks of death and future decision- 
making. Updating guidelines by including 
noncancer variables into sophisticated risk model 
creates a framework that balances competing 
risks and improves prognostication of a patient’s 
RCC course. 


ALTERNATIVE SURVEILLANCE STRATEGIES 


Numerous postoperative surveillance schedules 
have been proposed for RCC by independent in- 
vestigations. Most of these strategies have been 
framed with only pathologic stage. The concern 
with this basic risk structure is that each stage 
group contains significant heterogeneity, making 
recommendations lack desired specificity. Only a 
minority of studies have expanded this risk stratifi- 
cation to contain additional variables predictive of 
recurrence and/or survival. 

Beginning in 1999, Ljungberg and colleagues‘? 
published a surveillance strategy that stratified pa- 
tients according to DNA ploidy status, tumor size, 
and stage. Lam and colleagues!’ was the first 
group to use an established prognostic model, 
specifically the University of California-Los 
Angeles Integrated Staging System, which in- 
cludes stage, Fuhrman grade, and performance 
status, to arrange RCC follow-up. In 2009, Siddiqui 
and colleagues?’ developed an even more com- 
plex risk scheme using histologic subtype as the 
main stratification platform and a scoring system 
to define surveillance recommendations. 
Although, these protocols provide more specificity 
than current guidelines, they similarly fall short in 
capturing how a patient’s RCC risk profile changes 
over time and becomes influenced by other 
competing noncancer variables. 

To resolve these shortcomings, we developed a 
surveillance schedule?! using a novel technique 
called Weibull modeling, which graphically illus- 
trates how a patient’s risk matures over time and 
is modulated by clinicopathologic features. By 
modeling a patient’s risk of RCC recurrence, strat- 
ified by pathologic stage and relapse site, along 
with their risk of non-RCC death stratified by age 
and Charlson Comorbidity Index, we appreciated 
the relationship between these competing risks 
through time (Fig. 2). Identifying the point in time 
when the competing risk of non-RCC death 
exceeded the risk of recurrence became a reason- 
able estimate for the duration of routine oncologic 
surveillance. Table 3 outlines these individualized 
surveillance durations that seem dramatically 
different than those proposed by established 
guidelines. Depending on the interplay of 
competing risks through time, some patients 
seem to need less cancer surveillance and some 
significantly more. 

Although this surveillance approach addresses 
some of the limiting factors of present-day guide- 
lines, it has not been externally validated 
or compared with existent protocols. However, 
further investment of effort to optimize surveil- 
lance strategies is debated, because there is no 
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evidence that surveillance affords a survival 
benefit. 


OPTIMIZATION OF SURVEILLANCE 
RECOMMENDATIONS 
Continued Challenges 


Demonstrating a survival benefit from surveillance 
is challenging. Surveillance outcome is tightly 
coupled to treatment efficacy, which itself is influ- 
enced by disease biology. Even in the randomized 
trial setting, differing therapeutic effects of treat- 
ment can confound results. Lead time bias, in 
which apparent survival is increased from earlier 
detection of recurrences, also complicates inter- 
pretation of such investigations. 

In addition to these difficulties, is the uncertainty 
that the timing of metastatic treatment matters. 
Certainly, capture of recurrences early on, when 
tumor burden is low, allows more management 
options to be applicable, such as surgery or med- 
ical therapy. It is unclear, however, if treatment 
success depends on whether recurrences are 
detected in an asymptomatic or symptomatic 
state. Indeed in bladder cancer, Boorjian and col- 
leagues? found a survival benefit when recur- 
rences were captured asymptomatically. 
Although this concept has yet to be explored in 
RCC, an association between retroperitoneal 
recurrence burden and survival has been 
described. Specifically, Thomas and colleagues?? 
identified that size of recurrence, when treated 
surgically, was an independent risk factor for 
RCC-specific death. 

Despite the challenges posed, surveillance out- 
comes have been successfully evaluated in colo- 
rectal and breast cancers. Systematic review of 
randomized controlled trials in colorectal cancer®* 
have concluded that intensive postoperative 
follow-up affords a survival benefit, whereas in 
breast cancer,°° no difference was found between 
routine surveillance and higher frequency testing. 
Although these results show that the surveillance 
approach and resultant outcomes are unique for 
each malignancy, these trials may provide valu- 
able insight in how to rigorously evaluate surveil- 
lance in RCC. 


Future Directions 


While negotiating the challenges with assessing 
survival, evaluation of surveillance should be 
extended to include patient-reported endpoints, 
such as patient satisfaction and quality of life. 
Today, the function of surveillance has expanded 
beyond detection of tumor recurrence and post- 
operative complications and includes addressing 
survivorship issues and coordinating care. Thus, 
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Fig. 2. Weibull models to illustrate the time points at which the risk of non-RCC death exceeds the risk of recurrence. 
Decreasing hazard rates of recurrence over time stratified by stage and relapse location (solid lines; [A] abdominal, 
[B] chest, [C] bone, and [D] other sites) were compared against increasing hazard rates of non-RCC death over time 
stratified by age and Charlson Comorbidity (CCI) groups (circles; <1 or >2). Age-, CCI-, stage-, and relapse location- 
specific time points (in years) were estimated when risk of non-RCC death exceeded the risk of recurrence. (From 
Stewart-Merrill SB, Thompson RH, Boorjian SA, et al. Oncologic surveillance after surgical resection for renal cell car- 
cinoma: a novel risk-based approach. J Clin Oncol 2015;33(35):4153-4; with permission.) 


Table 3 
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Age-, CCI-, stage-, and relapse location-specific time points when risk of non-RCC death exceeds risk of 


recurrence of RCC in years 


Time Point in Years by Age Group (y) and CCI 


Stage Relapse 


Group Location CCI£1 CCli2 CCl£1 CClt2 CCl£1 CCl¢2 CCl£1 CCl +2 CCl£1 CCl +2 


pT1Nx-0 Abdomen >20 — 7 — 
Chest >20 — 1 
Bone 0.5 


Other 


— 0.5 


2 | 
uv 


pT2Nx-0 Abdomen >20 
Chest >20 
Bone >20 


Other >20 
pT3/4Nx-0 Abdomen >20 
Chest >20 
Bone >20 
Other >20 
Abdomen >20 
Chest >20 
Bone >20 
Other >20 


pTanyN1 


v 


uw 


uu 


NNBUl=SNNIOs3 5 
uv 


ul 


Abbreviations: CCI, Charlson Comorbidity Index (<1 vs >2); y, years. 
Dash mark indicates that risk of non-RCC death exceeded the risk of recurrence starting at 30 days following surgical 


resection suggesting surveillance may not be necessary. 


From Stewart-Merrill SB, Thompson RH, Boorjian SA, et al. Oncologic surveillance after surgical resection for renal cell 
carcinoma: a novel risk-based approach. J Clin Oncol 2015;33(35):4155; with permission. 


understanding the patient perspective and the util- 
ity of these patient-focused platforms may allow 
clinicians to define more tangible benefits and a 
patient-centered approach to follow-up. 

As the understanding of RCC evolves and we 
move into the age of personalized medicine, oppor- 
tunities to enhance risk stratification will emerge. 
Already, genetic profiling of RCC may become a 
solution for determining who is more likely to recur, 
benefit from metastatic treatment, and thereby 
warrant surveillance. Indeed, a 16-gene assay*° 
and 34-gene assay?” developed for clear cell 
RCC show improvement in prognostication over 
clinical indicators. Among a subset of patients, a 
multigene panel generated to distinguish prog- 
nostic subtypes of clear cell RCC was found to be 
associated with radiographic response to tyrosine 
kinase inhibitor therapy and survival.°® Although 
these personalized tools show promise in reducing 
costs and radiation exposure by focusing surveil- 
lance to those at greatest risk, disadvantages of ac- 
cess and cost from implementing widespread 
genetic testing will be difficult to offset. 


SUMMARY 


Despite a paucity of evidence, postoperative sur- 
veillance remains an integral part of RCC care. 


Cultural vigilance®® to the utility of detecting post- 
operative complications, and availability of advan- 
tageous metastatic treatments*°*' has 
established the practice as valuable to patient 
and provider alike. Until challenges assessing sur- 
vival outcomes are negotiated, efforts should be 
directed to optimizing and standardizing RCC 
guidelines and learning of more tangible benefits 
to surveillance. In doing so, such benefits as 
reducing variation in care, containing costs and ra- 
diation exposure, and even developing a more 
patient-centered approach to surveillance may 
be realized. 
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